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ABSTRACT 
Limnological characteristics and fisheries of three different 
reservoirs of Kerala, namely, Malampuzha, Peruvannamuzhi and ChuUiyar, 
have been studied. The reservoirs were categorized into large 
(Malampuzha), medium (Peruvannamuzhi), and small (Chulliyar) on the 
basis of their size, and details of their morphometric features provided. 
The study area received about 85% of the rainfall during June to 
December. The reservoirs were fed by south-west and north-east monsoon, 
the former contributing about 70% of the total rainfall, with peak occurring 
in July and August. The water-spread area of the reservoirs was found to 
get reduce by about 25% of the maximum during the dry season. 
Fluctuations in the water level of the three reservoirs were observed 
depending on seasonal rainfall and other factors. Temperature in the 
reservoirs fluctuated between 24.5-34*'C, showing both vertical as well as 
monthly variations. In general, the surface layer registered higher 
temperature than the middle and bottom layers. Dissolved oxygen 
remained higher (8-llppm) during the months of September and October. 
DO in surface layers was generally higher than the middle and bottom 
layers. Monthly variations were also evident in pH and the values (5.0-9.0) 
were within the limit set for protection of aquatic life, irrigation and other 
domestic uses. The pattern of monthly as well as depth-wise variations in 
electrical conductivity was almost similar in the three reservoirs, showing 
an increase during January to March and in May, and a gradual decrease 
during September to October and in August. 
Total dissolved solids, estimated in Peruvannamuzhi reservoir, 
showed monthly and depth-wise variations similar to that of electrical 
conductivity. TDS ranged between 15.8 to 36.1 ppm. The total hardness of 
this reservoir ranged between 5-18 ppm, with the highest value occurring 
during February. Alkalinity in Peruvannamuzhi reservoir followed a 
general pattern of depth-wise decrease in all the three water layers in 
different months, varying between 7 to 20 ppm in surface, 9-20 ppm in 
middle and 8-23 ppm in bottom layers. Chloride content in the reservoir 
also showed vertical and monthly variations.The pattern of monthly 
variations in nitrate content in surface, middle and bottom layers of the 
reservoir revealed only slight variations. No consistent trend was observed 
in monthly and depth-wise variations of sulphate and calcium contents of 
Peruvannamuzhi reservoir. Magnesium showed monthly and depth-wise 
variations in the range of 0.24-2.19 ppm. The phosphorus level in the 
reservoir fluctuated between 0 - 4 0 ppb in surface, 0 - 7 8 9 ppb in middle, 
and 0 - 290 ppb in bottom layers of the reservoir, indicating towards 
possible eutrophication of this reservoir. 
Metals like iron, zinc, copper, manganese and aluminum were 
present in traces only during August and September, while in the rest of 
the months these metals remained below the detectable level at all the 
stations of Peruvannamuzhi reservoir. 
The findings indicated that the reservoirs, particularly 
Peruvannamuzhi reservoir, were devoid of pollution and could be used for 
various purposes, including fisheries. 
Monthly variations in gross and net primary productivity, and 
respiration rate were studied in Malampuzha and Chulliyar reservoirs, to 
obtain quantitative information on the amount of energy available to 
support the biodiversity of these reservoirs. The gross and net primary 
productivity in the two reservoirs was higher in surface layers, declining 
rapidly with depth. The maximum values for gross and net productivity in 
both the reservoirs were observed in the month of March to April/May 
(pre-monsoon), followed by August (monsoon) and December (post-
monsoon). The smaller Chulliyar reservoir was found to be more 
productive than the larger Malampuzha reservoir. 
The composition of plankton and macrobenthos have also been 
examined in the three reservoirs. Among phytoplankton, green algae 
(Chlorophyceae) and diatoms were found dominant in the population. The 
planktonic biomass in Peruvannamuzhi reservoir showed a higher 
abundance of planktonic forms such as Paediastrum, Peridinium and 
Asterionella indicating furtlier towards the eutrophic tendency of this 
reservoir. The zooplankton community comprised rotifera, cladocera and 
copepoda. The phytoplankton in the three reservoirs showed higher 
diversity than the zooplankton. In Peruvannamuzhi reservoir, the rotifer 
population was found absent. The macrobenthic fauna in Malampuzha and 
ChuUiyar reservoirs was represented by six to seven benthic organisms. 
The reservoirs were rich in their fish biodiversity. Most of the 
species in the reservoirs were indigenous. Some non-indigenous species 
such as Catla catla, Labeo rohita, Cirrhinus mrigala, Cyprinus carpio and 
Oreochromis mossambica, introduced into the reservoirs during the course 
of repeated stock enhancement programme, have also been recorded. In 
Malampuzha reservoir, 26 fish species belonging 12 families were 
identified. In Peruvannamuzhi reservoir 21 species belonging to 10 
families were recorded, while in ChuUiyar reservoir 24 species belonging 9 
families were identified. In all the three reservoirs, majority of the species 
belonged to the family Cyprinidae, 
Tilapia, the only self-reproducing fish among the non-indigenous or 
exotic species, affected the catch composition of the reservoir in various 
years. Total fish yield, and stocking have also been examined in the three 
reservoirs for specific periods of study. Higher yield (172-288 kg.ha') was 
recorded in ChuUiyar, the smallest of the three reservoirs, while yield from 
large and medium sized Malampuzha and Peruvannamuzhi reservoirs was 
much lower (5-13 kg.ha''). The variations observed in the fish yield at the 
three reservoirs may be attributed, besides other factors, to relative 
contribution of culture and capture forms, including self-recruiting tilapia 
species. The percent composition of fish species was also examined in the 
landings of Malampuzha and ChuUiyar reservoirs, and these were found to 
vary from year to year. 
Observations on fishing technology and fishing effort were made 
with respect to Malampuzha and ChuUiyar reservoirs. Of the 62 active 
fishermen, who were member of the Cooperative Societies, an average of 
22 of them were found involved in fishing operations daily. In addition, 
independent and unauthorized fishermen were also operating in these 
reservoirs. Often, shortage of nets suppressed the fishing effort. All fishing 
crafts and gears were owned by the Cooperatives. The depreciation of 
fishing devices, not well cared by the Cooperatives, also contributed to low 
fishing efforts. The catch per unit effort in Malampuzha reservoir was 2.1 
tonnes / man / year, while for ChuUiyar it was 3.2 tonnes/ man / year. 
Gill nets, mainly used as set gill nets, were the predominant fishing 
gear in Malampuzha, Peruvannamuzhi and ChuUiyar reservoirs. 
Occassionally, fishing was also done by cast nets, hook and lines, and 
various types of traps by unauthorized fishermen. The fishermen were 
found to observe a minimum mesh size regulation of 30 mm. The nets were 
generally operated by fishing groups or units from coracles and the 
operations were carried out mostly in the night. Cast nets, stringless and 
stringed were used in catching small fish shoals, with mesh size varying 
17-35 mm. Coracles, dug-out and plank-built canoes, and fibreglass 
reinforced plastic boats were the major type of crafts used in the 
reservoirs. The most commonly used fishing crafts by the member of the 
cooperatives were the coracles. In larger reservoirs like Malampuzha, 
slender canoes with or without out rigger were often used, while in smaller 
ChuUiyar reservoir coracles were preferred. 
Test fishing carried out in Malampuzha reservoir using a simple and 
bottom gill nets with varying mesh sizes, showed that the catches were 
dominated by barbs species followed by tilapia, catla,chromides and 
perchlets. A total yield of 172.08 kg of fish was recorded with the test 
fishing.The catch per unit efforts of the nets used for test fishing averaged 
about 1.1 kg 100 m^ / fishing day. The CPUE of test fishing varied with 
mesh size. The 22 mm mesh performed best. An inspection of the species 
selection per mesh size revealed a relationship between body shape and 
CPUE. 
Utility of pen culture in achieving fish productivity was 
demonstrated through an experimental pen culture carried out in 
Malampuzha reservoir with fingerlings of C. mrigala, C catla, L. 
fimbriatus and L. rohita. A long-tongue shaped area resembling a valley 
was identified in south-eastern part of the reservoir for the construction of 
three pens supported by fences at different levels along the slope of bottom 
of the bay. The pens, which got progressively flooded with the onset of the 
rains provided different grow-out time to the stocked hatchlings. The 
growth and rate of survival of hatchling in the pen were recorded. Species 
specific differences were observed in the specific growth rate of the fish 
cultured in the pens. 
Some aspects of socio-economic status of fishermen of the 
Malampuzha, Peruvannamuzhi and Chulliyar reservoirs were also 
examined. Among the 290 household surveyed during the study, 73% were 
nuclear household and 27% joint families, with an average household size 
of 5 persons. The average income of a fisherman was about Indian rupees 
12,000 per annum, marginally above the poverty line. Almost all the 
fishermen were in debt through loans taken by them from banks and other 
financial agencies. They operated the craft and gears owned by the 
Cooperatives and shared their gross income with Cooperatives and the 
Government, to each of which they used to pay 25% of their sale proceeds. 
The Societies were not found working in an economically viable way either 
as fish producing or marketing bodies and depend heavily on State 
Fisheries Department for their business management and financial inputs. 
Fishing in the reservoirs was not considered a gainful employment 
opportunity. The living conditions of the fishermen were equally poor. On 
the basis of observations on the socio-economic status of fishermen of the 
three reservoirs, some suggestions have also been made to improve their 
living conditions, and bring sustainability in the development of reservoir 
fisheries. j>^ 
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GENERALINTRODUCTION 
GENERAL INTRODUCTION 
Water is one of the most precious resources on the earth. With the 
growth of human population, the demand for clean water is also increasing 
phenomenally. The same is the case with the production of wastewater and 
stress on aquatic ecosystem. The increasing demand of clean water in many 
countries for developmental activities, especially for industrial, agricultural 
and domestic purposes, and other water essential activities has resulted in 
accelerated rate of river diversion and dam construction. However, 
unscientific management of reservoirs and over-exploitation of their 
catchment areas have made these surface water resources ecologically fragile, 
necessitating urgent conservation measures for their scientific management 
and sustainable utilization. 
Dams drastically alter the riverine system both up and down stream, 
creating a new artificial environment, the lacustrine system. The limnology of 
this impounded water varies from watershed to watershed and even within a 
watershed, depending on soil charecteristics, anthropogenic activities and 
climatic conditions. It may also vary with the shape of the reservoir basin, 
light penetration, wind action and the amount of water retention and 
exchange. Owing to these different ecological variables, evaluation of specific 
water quality condition becomes essential for different sets or families of 
reservoirs sharing the same eco-climatic condition before any generalization 
about their productivity could be made. 
In the process of a multi-purpose reservoir formation, there occurs a 
sequence of eco-morphological events. Soon after the impoundment, the 
reservoir shows a phase of high initial fertility caused by nutrient leaching 
from the hitherto unflooded substrates, submerged forests and other organic 
matter. This accelerates the growth of bacteria, phyto and zooplankton, and 
benthos. After attaining the maximum productivity within the first few years 
of the existence, the productivity declines to a much lower level, ultimately 
getting stabilized somewhere near half the magnitude of the initial phase 
(Bhukaswan, 1980; and Jhingran, 1991). 
Large reservoirs or dams have been created in the river basins mainly 
for irrigation, power generation, flood control and industrial use. These water-
spread area, by virtue of their sheer magnitude, also constitute an important 
inland water and fisheries resource throughout the world. It was argued that 
the first engineering triumph and the modern technological symbol of 20"^  
century was the construction of Hoover Dam on the Colorado river of 
Southwest America in 1935. It was followed by the construction of numerous 
dams all over the world. A continent-wise increase in the number of dams 
from 1950 to 1982 was 1541 to 22701 in Asia, 2090 to 7241 in America, 123 
to 610 in Africa, and 150 to 446 in Australia. Starting from 8 dams, China 
had constructed 18,587 dams during these 32 years i.e. 1.6 times more than 
the rest of the world during the same period (Mc Cully, 1996). 
Considering the importance of reservoirs, a series of developmental 
schemes for fisheries enhancement have been initiated in India and elsewhere. 
One of the major limiting factors in the speedy and sustainable development 
of these valuable water resources is the dearth of a firm database and lack of 
requisite research support. A detailed documentation of these vital resources 
is also necessary for better management and scientific utilization. 
The social and environmental defects of large dams were studied by 
different workers, especially in temperate areas (Goldsmith and Hildyard, 
1984). Our knowledge on the limnology of tropical waters is still much 
limited (Belsare, 1982). The limnology and fisheries of the African reservoirs 
have been extensively studied (Tailing and Tailing, 1965; Melack, 1979; and 
Khan and Agugo, 1990). Tailing and Tailing (1965) have attempted to 
compare the pattern of thermal stratification, the incidence of vertical mixing, 
and some biological and chemical consequences in lakes and reservoirs of 
tropical Africa. They found that the period of lowest temperature shifts from 
January-February (northern hemisphere winter) to July-August (southern 
hemisphere winter) with a much reduced amplitude of seasonal variation 
occurring near the equator. These workers also attempted to survey and 
compare patterns of lake stratification in Africa to emphasize the events 
connected with mixing which show regularities in the seasonal timing, and 
trace some consequence for the production of phytoplankton. Beadle (1974) 
concluded that tropical regions, in general, are prone to prolonged 
stratification and deoxygenation. 
An overview of reservoir fisheries of Southeast Asia has been given by 
Fernando (1977). Fernando and Holcik (1982) discussed the significance of 
nature of fish communities in influencing the fishery potential and yield of 
tropical lakes and reservoirs. Information on fisheries management of small 
water bodies in seven countries in Africa, Asia and Latin America has been 
provided by Sugunan (1977). Fernando et al. (1998) provided an excellent 
global view of reservoir fisheries, summarizing interesting data on fish yield, 
limnological factors influencing fish productivity, and different fisheries 
strategies. The authofs have observed a great disparity in fish yield in 
reservoirs of similar status and at same latitude. Among the other workers 
who have studied reservoir ecology and fisheries are Lowe-McConnell (1966), 
Miranda and De Vries, (1966), Obeng (1969), Hall (1971), Ackermann et al. 
(1973), Campbell et al. (1982), Hall and Van Den Avyle (1986), De Silva 
(1988), Straskrabova et al. (1988), and Fernando and Petr (1994). 
In the Indian subcontinent, reservoirs of Sri Lanka have been studied 
extensively, and their importance in fisheries development highlighted and 
documented by different workers. The historical aspect of these reservoirs has 
been dealt with by Brohier (1934, 1937), De Camp (1974), Fernando (1979), 
and Parker (1981). The sociological impact of these reservoirs was 
highlighted by Ellepola (1955), Brohier (1937), and Perera (1984), while their 
engineering aspects were given by Brohier (1934, 1937), Van de Lippe 
(1951), Schnitter (1967), Smith (1971), and De Camp (1974). Fernando and 
De Silva (1984) have reviewed the limnological and biological features of 
these reservoirs. A host of workers have looked into the fisheries of Srilankan 
reservoirs (Fernando and Indrasena, 1969; Mendis, 1965; Fernando, 1977, 
1980a; De Silva and Fernando, 1980; De Silva 1983, Scheimer, 1983; 
Fernando and De Silva, 1984; and De Silva, 1988). 
In India, it is estimated that a total of 19,370 reservoirs scattered 
throughout its states, with a total area of 3.15 million ha, form the most 
valuable inland water resource (Sugunan, 1995). Fish production from small, 
medium and large categories of reservoirs has been estimated at 49.90, 12.30 
and 11.4 kg.ha'' yr' ', respectively, the average being 29.70 kg. ha'' yr"'. The 
production is very low in comparison to that reported from other countries. 
The present low yield from the reservoirs may be attributed to the factors like 
low stocking, inappropriate gear and craft, poor landing and marketing 
channel, absence of closed season, and other management bottlenecks such as 
weak cooperatives and lack of appropriate reservoir management strategy. 
The fish production of the country has increased from 0.218 million 
tonnes in 1951-1952 to 2.566 million tonnes in 1998-1999 in the inland sector 
(Anon, 2000). An equal contribution from the marine sector together 
constitutes the per capita availability of the fish in the country about 3.2 kg 
against world average of 12.1 kg. By 2010 AD onwards, India has targeted the 
production of inland fisheries and aquaculture production to the tune of over 
4.5 million t. To achieve this, the country will have to depend heavily on its 
inland capture fisheries resources with special emphasis on reservoir fisheries. 
In India, several studies on individual reservoirs of the country were 
carried out by different workers. Sreenivasan (1969b) made a detailed study 
on major reservoirs of peninsular India, especially Tamil Nadu. His 
observations indicate that deeper reservoirs like Amaravati, Aliyar and 
Tirumoorthy not only developed blooms of blue green algae as soon as they 
were impounded, but also maintained them throughout the year, whereas 
shallow reservoirs such as Vidur, Poondi and Krishnagiri, despite their 
shallowness, showed poor growth of plankton. Deeper reservoirs like 
Manimuthar and Pechiparai showed low productivity, while Stanley and 
Bhavanisagar were most productive. Ganapati, (1955) studied the thermal 
characteristics and nutrient exchange of the Mettur reservoir. The 
investigations conducted till 1970s were isolated attempts to find out the 
ecology of individual reservoir in one or two states. Kamal (2002) has 
documented the effect of impoundment and management on Indian reservoirs. 
Organized research on reservoir fisheries was initiated in India in 1971 
with the launching of an All India Coordinated Project on Reservoir Fisheries 
(AICPRF). A state-wise review of the research carried out on Indian 
reservoirs reveals several interesting observations about their ecology and 
fisheries. 
Bhavanisagar reservoir in Tamil Nadu state had been studied for its 
plankton diversity (Franklin, 1969; and Abraham 1980a), bottom macro fauna 
and fisheries (Abraham, 1979, 1983, 1986), density distribution offish stock 
(Abraham and Sivakami, 1982), mesh size regulation for the different fish 
species (Abraham and Sivakami, 1989), fisheries biology (Devaraj, 1973), 
general limnological features (Dorairaj and Pankajam, 1956; and Sreenivasan, 
1974), fisheries management through fishing effort enhancement 
(Goplalakrishnayya and Abraham, 1982), soil characteristics and primary 
productivity (Gupta, 1982a), hydrological features (Sreenivasan, 1962, 1964), 
and energy transformation through primary production and fish production 
(Sreenivasan, 1972). Pandian (1987) studied the energy flow of small 
irrigation reservoirs of Tamil Nadu. Sugunan (2000) reviewed the ecology and 
fishery management of Tamil Nadu reservoirs. 
In Karnataka, extensive studies were carried out on Tungabhadra 
reservoir for its soil and water quality, and biological productivity (Banerjee 
and Ray, 1979), fish biology (Bhatnagar, 1963), fish stocking for improved 
productivity (Bhatnagar, 1972), fish and fisheries (Chacko and Kuriyan, 
1948; and David and Rajagopal, 1969), limnology and fisheries. (David et al. 
1969), reservoir hydrology (Subha Rao and Govind, 1964), bottom 
macrofauna (Krishnamurthy, 1966), plankton (Govind, 1969a) and bottom 
fauna and macrovegetation (Govind, 1969b). Supa reservoir of Karnataka was 
investigated for its primary productivity during its filling phase by Birasal 
(1996), while Birasal et al. (1989) studied the zooplankton ecology of this 
reservoir. Devaraj and Mahadeva (1990) examined the socio-economic status 
of the fishermen of Hemavaty reservoir in Karnataka. Devaraj et al. (1987) 
studied the fish and fishermen of this reservoir. Sukumaran and Das (2001) 
described the distribution of plankton in the freshwater reservoirs of 
Karnataka. The primary production and fishery potential of Karnataka 
reservoirs have been studied by Krishna Rao et al. (2002). The thermal and 
chemical stratificaton process in the reservoirs of this state was investigated 
by Das (2002). 
In Andhra Pradesh, several studies were made on reservoirs. Hingorani 
et al. (1977) attempted to study the level of pollution and occurrence of fish 
mortality in Hussainsagar reservoir of Hyderabad. The abiotic and 
zooplankton components of this reservoir were investigated by Ghosh and 
George (1989). Piska (2001) studied the fisheries of Sathamraj reservoir near 
Hyderabad. The limnochemistry of nine reservoirs of Andhra Pradesh was 
investigated by Das (2000). The Nagarjunasagar reservoir was investigated 
for its fish fauna (Bhatnagar and Sugunan, 1978), fisheries (Govardhan, 
1969), fish yield in relation to primary production (Natarajan et al., 1979), 
fishery biology (Vinci and Sugunan, 1981; Vinci, 1984, 1986; and 
Ramakrishniah, 1986), trophic phases (Ramakrishniah, 1990), bottom 
macrofauna (Sugunan and Das 1983), and distribution of periphyton (Sugunan 
and Pathak, 1986). Das (2000) evaluated the productivity status through 
morpho-physico-chemical determinants of nine reservoirs of Andhra Pradesh. 
The status of plankton in some reservoirs of Andhra Pradesh was assessed by 
Sukumaran and Das (2003). The production potential of Yerrakalva reservoir 
of this state vv^ as also evaluated (Das, 2002). 
In Maharashtra state, the fisheries potential of Girna Dam reservoir was 
investigated by Khalid and Siddiqui (1990). 
Studies on the reservoirs of Himachal Pradesh remain limited. An 
important study on the management of fisheries of Gobindsagar and Pong 
reservoirs was carried out by Katiha et al. (2001). The limnological features 
of Pandoh reservoir was described by Kaushal et al. (2001). 
In Madhya Pradesh, detailed studies appeared on several of its 
reservoirs. Mansarovar reservoir was investigated for its bioenergetics, with 
special reference to fish production (Adholia, 1992), and primary productivity 
(Adholia, 1991). The Loni reservoir was studied for its macro-benthic fauna 
(Gupta, 1976), while Kulgarhi reservoir for fish culture (Karamchandni and 
Mishra, 1980). The Gandhisagar reservoir was studied, in detail, for its fish 
fauna and fisheries (Kartha and Rao, 1990). Mathew (1969, 1985) has 
reported the plankton fluctuation and seasonal abundance in relation to 
chemical factors in Govindgarh Lake. The limnology and primary productivity 
of this lake was also investigated by Mathew (1975, 1977). The production 
dynamics and fisheries development of Naktara reservoir of Madhya Pradesh 
was investigated by Dwivedi et al. (2000). Srivastava et al. (2002) studied the 
phytoplankton, primary production and fish production in Tawa reservoir of 
this state. The fishery management practices in major reservoirs of Madhya 
Pradesh have also been documented (Ninan, 2002). 
Information on the reservoirs of Orissa state is meagre. Important 
studies include the hydrobiology of Hirakud reservoir (Dash et al., 1993), and 
gear experimentation to improve the fish catchability in this reservoir 
(George, 1979). The socio-economic variables of fishermen of Hirakud 
reservoir and technology options were studied by Balasubramanian and Bihari 
(2002). 
In Gujarat, a survey on the physico-chemical and biological conditions 
of Ajwa reservoir was carried out by Jayangoudar (1980). 
In Uttar Pradesh, diurnal variation in physico-chemical factors of 
Riband reservoir was studied by Singh et al. (1980). Mustafa and Zubair 
(1985) studied the environmental aspects, especially planktonic communities, 
of Baigul and Nanaksagar reservoirs of Nainital. 
In Rajasthan also, studies on reservoirs are relatively few. These 
include the investigations on the limnological characteristics, micronutrient 
status, and the influence nutrient level on phytoplankton population of 
Lakhotia lake (Khatri, 1984a,b, 1987b). 
Kerala is a small strip of land with undulating terrain between the 
Western Ghats and the Arabian Sea in the south-west corner of India. It has a 
high index of life quality and literacy, and is one of the most densely 
populated states of India. The land is geographically and climatically unique 
and known for its picturesque and beautiful landscape. Kerala is endowed 
with liberal rainfall and all-round lush vegetation. The tall and well-wooded 
Western Ghat, one of the biodiversity hot spots of the world and few of the 
last remnants of the tropical rain forest, precipitates the bountiful rainfall that 
flows through the entire length and breadth of the land through forty four 
rivers before reaching the sea. The rivers of Kerala are medium and small 
type. Several of these rivers have been impounded to serve the irrigation 
needs of agriculture, power generaton, flood control and water supply for 
domestic and industrial use. 
There are about thirty reservoirs in Kerala, with total maximum water-
spread area of about 29,635 ha. Most of the reservoirs are located in central 
zone, while the remaining are in southern and northern zones. Seventeen 
reservoirs are primarily used for irrigation, and of these fourteen are under the 
control of Irrigation Department of the Government of Kerala. Three 
reservoirs lie inside the Wildlife Sanctuaries and are controlled by the Forest 
Department. Eleven reservoirs are primarily used for power generation and 
are under the control of the Electricity Department, while the remaining two 
are used for drinking water supply by the Kerala Water Authority. 
Deforestation, agricultural activities, plantation and other land use activities 
in the catchment area of reservoirs have resulted in heavy siltation and 
sedimentation of these lacustrine water bodies, adversely affecting the quality 
of the aquatic habitat. The reservoirs of Kerala abode a rich diversity of 
fishes. Utilization of these water resources for fisheries development, 
however, took a low priority. This has been reflected in poor fish yield and 
unorganized fisheries activities. The main reason for this low level of fish 
production may be due to the fact that these important water resources have 
not been well exploited, and this may be attributed to inadequate 
understanding of the reservoir limnology, fish biodiversity, fish stock and 
fishery management. 
However, a wave of interest in limnological study of reservoirs and 
lakes in the country also resulted in attempts to elucidate the limnology of 
reservoirs and lakes of Kerala. Among the important studies are those of Nair 
and Prabhoo (1980) who investigated the various physico-chemical factors 
that affect the primary production of the Neyyar reservoir. Limnology of 
Aruvikkara reservoir has been studied by Gopinathan (1985). Khatri 
(1985a,b) investigated the iimnological characteristics of Idukki reservoir, 
and Harikrishnan and Abdul Azeez (1989) studied the physico-chemical 
properties of the Neyyar reservoir. A detailed study on the ecology of 
zooplankton of this reservoir was also carried out by Harikrishnan (1993). 
Synudeen and Abdul Azeez (1989) examined the post impoundment water 
quality status of a reservoir of Kallada river. Synudeen (1992) provided an 
account of the ecology of a newly commissioned dam and its effect on 
downstream habitat. Raseena Beevi (1990) described the Iimnological features 
of Aruvikkara reservoir. The growth potential of tilapia and its exploitation 
have also been worked out in Malampuzha and ChuUiyar reservoirs by 
Panicker (2000), Panicker and Unnithan (2002). The economic status of 
fishermen of Malampuzha reservoir has been highlighted by Mohan (2002). 
The fish diversity and the endemism in the upstream rivers of Western Ghat 
hotspots were investigated by Kurup (2002). The general fishing techniques 
used in the reservoir systems of Kerala have been described by George 
(2002). The fishing gears used in the Muvattupuzha river system were studied 
by Baiju and Hridayanathan (2002). A general account of trawling in the 
reservoirs of Kerala has been presented by Dawson (2002). 
The study, presented in the form of this thesis, was undertaken to 
investigate the limnology and the fisheries of three selected reservoirs of 
Kerala, namely, Malampuzha, which is the largest irrigation reservoir, 
Peruvannamuzhi, a medium size reservoir, and Chulliyar, a small reservoir. 
The study formed a part of the investigation carried out under the aegis of 
Indo-German Reservoir Fisheries Development Project, Government of Kerala 
from 1989-97. On the basis of the information collected, attempt has been 
made to evolve a strategy for sustainable management of reservoir fisheries. 
The thesis has been divided into two parts. Part I of the thesis describes 
the Iimnological characteristics of the Malampuzha, Peruvannamuzhi and 
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ChuUiyar reservoirs, with detailed account of the physico-chemical 
characteristics of Peruvannamuzhi reservoir. Part II deals with the fish and 
fisheries of these reservoirs, with special emphasis on Malampuzha reservoir. 
It also provides information on fishing technology and efforts in the 
reservoirs. Results of human intervention in the form of an experimental pen 
culture, especially for fingerling production and stock enhancement, has also 
been described. An account of the socio-economic status of fishermen of these 
reservoirs, with suggestions for its improvement, has also been given. 
It is expected that the information generated would be of inerest to 
fisheries agencies and experts involved in management and sustainable 
utilization of the precious reservoir resources of the country, in general, and 
Kerala, in particular. 
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STUDY AREA 
The reservoirs of Kerala have been classified according to their size as 
large (>5000ha), medium (1000-5000ha) and small (<100ha) (Sarma, 1990). 
For the present study, three reservoirs have been selected (Fig.l). The 
Malampuzha reservoir of Palakkad district, the largest irrigation reservoir and 
also the third largest in size among the reservoirs of Kerala having a surface 
area of 2313 ha, was chosen as an example of large reservoir (Fig.2-3). The 
Peruvannamuzhi reservoir of Calicut district, with a surface area of 1052 ha, 
was chosen in the category of medium size reservoir (Fig.4-5), and the 
ChuUiyar reservoir of Palakkad district, with a surface area of 159 ha, was 
selected in the category of small reservoir (Fig.6-7). 
TOPOGRAPHY AND MORPHOMETRY OF THE RESERVOIRS 
Malampuzha Reservoir 
The Malampuzha, a multi-branched reservoir, lies geographically 
between latitudes 10° 40' and 10° 55' N and longitude 76° 39' and 75° 42' E and 
at an elevation of 115.06 m above the mean sea level (MSL) at full supply 
level (FLS). The reservoir was commissioned in 1966 at Palakkad district of 
Kerala. It has a catchment area of 147.63 km^, comprising hilly forest land, 
based mainly on gravitated rocks and some areas of alluvial rocks. The water-
spread covers an area of 2313 ha at FSL and 1200 ha at MSL. The original 
storage capacity of this reservoir at the beginning of its impoundment in 1955 
was 228.4 Mm^. Due to annual sedimentation rate of about 0.164%, the 
present capacity works out to be around 214.2 Mm^ The maximum depth of 
the reservoir at FSL is 28.13 m. The reservoir is fed by south-west and north-
east monsoon, the former contributing about 70% of the total rainfall, with 
peaks during July and August. With the onset of the south-west monsoon in 
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the beginning of June the level of the reservoir was found to rise sharply 
(Table 1). 
Peruvannamuzhi Reservoir 
The Peruvannamuzhi reservoir was constructed in 1973 by damming 
the Kuttiadi river at Peruvannamuzhi village, north of Kozhikkode district. It 
is also called as Kuttiadi reservoir. This reservoir lies geographically between 
latitude 11° 36' N and longitude 75° 49' E. The Kuttiadi river originates from 
Narikkotta ranges in the Western Ghats at an elevation of 1220 m above MSL 
and joins the Arabian sea at Kottakkal. The reservoir is multi-branched, 
irregular in shape, with island formation. The reservoir has a catchment area 
of about 108.78 km"^  and it has a granite type soil. The reservoir has a gross 
storage capacity of 121.2 Mm^ and live storage capacity of 113.9 Mm^ The 
reservoir is dentric in morphometry having a maximum depth of 33 m and the 
dam is straight gravity masonary structure having a length of 173 m and 
height of 35.36 m. The canal system of Peruvannamuzhi reservoir comprises 
246.6 and 600 km of main canal and distributaries, respectively. The water-
spread area at FSL is 1053 ha (Table 1). 
Chulliyar Reservoir 
The Chulliyar reservoir is also in Palakkad district of Kerala and lies 
geographically between latitude 10° 6' N and longitude 76° 46' E. It was 
constructed under the 2nd phase of Gayatri Project. The scheme which was 
commissioned in 1966 consisted of an earthen masonary dam across the 
Chulliyar river with a left bank canal of 13.9 km. All along, it serves an 
ayacut of 2430 ha of wetlands. The Chulliyar reservoir has a catchment area 
of 29.75 km ,^ having a storage capacity of 13.7 Mm^ and a water-spread area 
of 165 ha (Table 1). 
13 
Table 1. Morphometric features of the Reservoirs 
Reservoirs 
Year of 
commissioning 
Type of 
Reservoir 
River 
District 
Purpose 
Catchment area 
(km^) 
Max. depth (m) 
Max. height of 
the dam (m) 
Storage volume 
Mm' at FSL 
Elevation above 
MSL (m) 
Water-spread 
area (ha) at FSL 
Malampuzha 
1966 
Multi-branched 
with islands 
Malampuzha 
Palghat 
Irrigation + 
Hydroelectric 
147.63 
28.13 
38.1 
214.20 
115.06 
2313 
Peruvannamuzhi 
1973 
Multi-branched, 
irregular with islands 
Kuttiadi 
Calicut 
Irrigation 
108.78 
33.0 
35.36 
121.12 
1220 
1052 
Chulliyar 
1966 
Lake 
Chulliyar 
Palghat 
Irrigation 
29.75 
27.1 
18.9 
13.7 
-
165 
PART I 
Chapter I 
LIMNOLOGICAL CHARACTERISTICS OF SELECTED 
RESERVOIRS OF KERALA 
I. PHYSICO-CHEMICAL CHARACTERISTICS 
Introduction 
The study of lotic and lentic waters is a relatively young branch of 
science. Information on the physico-chemical and biological characteristics of 
these waters is essential for fisheries management and pollution abatement. 
Situated in a tropical regime and endowed with rich nutrient status, 
Indian reservoirs are considered to be conducive for good organic 
productivity. The peninsular reservoirs are characterized by narrow range of 
seasonal fluctuations in water and air temperatures, a phenomenon that 
prevents the formation of thermal stratification. Many reservoirs in peninsular 
region undergo a transient phase in some of their limnological characteristics 
in summer months, while reservoirs in the Western Ghats region may show 
oligotrophic tendencies (Sugunan, 1995; Kunhi, 2002; Sinha 2002; and Vass, 
2002). 
Limnological studies in India were initiated by Ganapati (1941) and 
since then it has expanded considerably with more comprehensive studies. 
Limnology has now come to be used as a mould to cast location specific 
management for reservoirs. Application of limnology-mediated management 
norms, evolved by All India Coordinated Reservoir Fisheries Project 
(AICRF), have resulted in marked increase in fish yield in several of the 
Indian reservoirs (Sugunan, 1995). Sugunan and Sinha (2000) have 
documented the physico-chemical features of Indian reservoirs, indicating 
their range and significance in productivity. 
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The Kerala state, located at 8° 18' and 12° 22' N latitude; 74° 52' and 77° 
22' E longitude, is a narrow strip of land on the south-west corner of Indian 
peninsula. It is endowed with 41 west-flowing and 3 east-flowing rivers. 
About 30 reservoirs, constituting an area 29,635 ha, have been constructed at 
various river systems of this state. Despite the availability of such a large 
number of lacustrine habitat, no major effort seems to have been made 
towards a comprehensive limnological study, to evolve a firm management 
strategy for the better utilization of these aquatic resources. Earlier attempts 
to investigate the limnological characteristics of Kerala reservoirs were those 
of Khatri (1985a,b), Harikrishnan and Aziz (1989), Synudeen and Aziz 
(1989), and Sabu Thomas and Aziz (1996). 
During the present study, limnological characteristics of the selected 
reservoirs of Kerala, viz. Malampuzha, Peruvannamuzhi and Chulliyar were 
studied with respect to their physico-chemical and biological conditions. 
While a detailed study was carried out on the medium-sized Peruvannamuzhi 
reservoir, only basic limnological parameters were evaluated for the other two 
reservoirs. 
Materials and Methods 
Samples for limnological investigation were collected from various 
stations of the above reservoirs. At Peruvannamuzhi reservoir, water samples 
for physico-chemical and biological parameters were collected from three 
different sampling stations. From each station, monthly samples were taken 
from the surface (0.3 m below the surface), bottom (15-20 m below the 
surface), avoiding the sediments, and the middle (APHA, 1992). Van Dorn 
type water sampler (3 litre capacity), made up of rigid PVC with plated brass 
outfitting, was employed for collecting the samples. Temperature, pH and 
dissolved oxygen were measured in situ, and the samples were preserved and 
analysed for various other parameters as per the standard methods [APHA, 
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1992]. All chemicals used were analytical reagent grades unless otherwise 
stated. Double distilled deionised water was used for the analytical work. 
Temperature 
Temperature profile of water was measured using a calibrated 
reversing thermometer. 
Dissolved Oxygen (DO) 
DO content was measured using dissolved oxygen meter (Orion, 810), 
after making the necessary temperature corrections. Periodic cross checking 
were carried out through Winkler method to ensure the accuracy of the value. 
pH 
Samples for determining pH were collected from selected point of 
Malampuzha and Chulliyar reservoir and various stations of Peruvannamuzhi 
reservoir. pH was measured on an Elico (Model Pe 132) digital pH meter 
(sensitivity ± 0.01 pH). The standardization of the instrument was done with 
standard buffer solution and temperature compensation. 
Electrical Conductivity 
Electrical conductivity in the sample was determined on Elico 
conductivity meter [Model cm/82T] with dip type glass cell (sensitivity + 
1%). 
Total Dissolved Solid (TDS) 
TDS was estimated through standard method of evaporation and 
weighing of the sample. 
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Total Hardness 
Total hardness was determined through EDTA titrimetric method. The 
calcium and magnesium ions of the sample were titrated with EDTA disodium 
salt to form stable Ca EDTA and Mg EDTA. A small quantity of Eriochrome 
Black T was added to the sample, buffered at a pH of 10, which led to the 
formation of a soluble wine-red complex. The Ca2"^  and Mg2"^  then dissociated 
from their complexes with Eriochrome Black T to form a more stable 
compound with EDTA. A colour change from wine red to purple blue 
indicated the end point. 
Alkalinity 
The alkalinity content of the water was measured with phenolphthalein 
and methyl orange indicator method. The sample was titrated to convert the 
carbonates into bicarbonate in presence of phenolphthelein (designated as 
phenolphthelein alkalinity). In the second stage, methyl orange indicator was 
added and titration continued to convert all bicarbonates (HCO3) into carbon 
dioxide and water. The complete neutralization of alkalinity in the sample was 
indicated by a change in colour from yellow to orange at the end point. 
Chloride 
Chloride was estimated by Argento-metric method, using potassium 
chromate as indicator. 
Calcium and Magnesium 
Calcium in the samples was determined with EDTA titrimetric method, 
using Eriochrome Blue Black R as an indicator. Magnesium was calculated 
from the EDTA calcium and hardness titration value. 
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Sulphate 
Sulphate content was estimated using turbidimetric method with 
barium chloride, measuring the absorbance of the barium sulphate suspension 
photometrically at 420 nm. 
Total phosphorus 
Total phosphorus content was analyzed spectrophotometrically at 80 
nm following the ascorbic acid method. 
Metals 
Metals such as iron, zinc, copper, manganese and aluminium were 
analysed only in samples collected from Peruvannamuzhi reservoir. The 
sample was filtered through a membrane filter (0.45 mu) and brought to pH 
1.5, using concentrated redistilled nitric acid. The analysis was carried out on 
a microprocessor-controlled atomic absorption spectrophotometer (IL 951) 
with flameless atomization auto-sampling and gas liquid chromatograph 
(Tecator Model 570), equipped with thermal conductivity, flame ionization 
and electron capture detectors. (Trivedi and Goel, 1982; APHA, 1992). For 
centrifuging the sample, a high speed cooling centrifuge (Remi C24) was 
used. 
Results 
Climate and Rainfall 
Rainfall data for Malampuzha, Peruvannamuzhi and Chulliyar during 
the period of study has been depicted in Fig. 1-3. During the period of study, 
about 85% of rainfall occurred during June to December. During rest of the 
year the area mostly remained dry. The reservoirs were fed by south-west and 
north-east monsoon, the former contributing about 70% of the total rainfall, 
with peaks occurring during July and August. The water level in the reservoirs 
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was found to rise with the onset of the south-west monsoon in the beginning 
of June. 
The water-spread area was found to depend on level of water in the 
reservoirs. Water level in the reservoirs selected for study decreased during 
the dry season, with the water-spread area reducing by about 25% of the 
maximum. However, in some cases like Peruvannamuzhi, siltation aggravated 
by landslides, was found to reduce the depth of the reservoirs considerably. 
The silt deposit in this reservoir was up to 10m which reduced the storage 
volume, considerably, particularly in dry season. There was a wide fluctuation 
in the level of water of the three reservoirs, depending on the extent of 
seasonal rainfall, and the use, as well as retention and supply of water in the 
reservoir. Water level was highest at the end of rains in November and lowest 
at the time of onset of south-west monsoon from May to June. Among the 
three stations of Peruvannamuzhi reservoir, station 1 (Dam site) was the 
deepest having an average water depth of 15 m. Station 3 (Kallanode) was the 
shallowest with an average depth of 3.9 m, while station 2 (Allerymuzhi), 
situated in between Dam site and Kallanode, had an average water depth of 
8 m . 
Temperature 
The temperature profile of the three reservoirs showed vertical as well 
as monthly variations. In general, the surface layer registered higher 
temperature than the middle and bottom layers. At Malampuzha reservoir, 
temperature was maximum (34°C) at surface in the month of October and 
minimum (27.5°C) at bottom in January. In the case of Chulliyar reservoir, 
the temperature was maximum (32.5°C) in May at surface and middle layers, 
and minimum (20°C) in June at bottom layers. The temperature at the three 
stations of Peruvannamuzhi reservoir showed low annual fluctuations, the 
range at the three sampling stations being 33-24°C at Dam site, 33-25°C at 
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Allerymuzhi and 33-26°C at Kallanode. The temperature profile of 
Malampuzha and Chulliyar reservoir is given in Table 1-2 and depicted in 
Fig.4-5. The profile at various stations of Peruvannamuzhi are given Table 3 
and shown in Fig. 6. 
At all the stations of Peruvannamuzhi reservoir, temperature was found 
to decline with the depth of water. The maximum fall in temperature generally 
occurred at the Dam site which was the deepest of the three stations. 
Kallanode, which was the shallowest of the three stations, showed only a 
marginal fall in temperature across its depth. The Dam site presented the 
classical temperature profile expected of a tropical lake of significant depth 
(15 m), with a zone of epilimnion, where temperature remained more or less 
stable, followed by thermocline and hypolimnetic zones, where temperature 
declined slowly. The ambient temperature of the three zones varied from 
season to season. 
Dissolved Oxygen (DO) 
The variations in the DO content of the three reservoirs have been 
given in Table 4-6 and depicted in Fig. 7-9. DO level remained higher (8-11 
ppm) during the months of September and October in comparison to the other 
months. In general, the DO in surface layers ranged between 7.1 to 9.3 ppm, 
while in the middle and bottom layers the values varied between 0.47-8.6 and 
0-8.4 ppm, respectively. DO in the middle and bottom layers followed almost 
similar pattern of variations, registering an increase during September-
October, followed by a decrease during January-March, and May-August. In 
all the three layers, DO were higher during the months of September-October. 
Hydrogen ion Concentration (pH) 
The pH values of Malampuzha and Chulliyar reservoirs and at various 
stations of Peruvannamuzhi reservoir have been summarized in Table 7-9 and 
depicted in Fig. 10-12. 
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In Malampuzha reservoir, pH values varied from 9.1 to 5.0 The 
maximum pH was found in the month of February at surface layer and the 
minimum at bottom layer in August. However, pH values remained neutral in 
most of the months. In the case of ChuUiyar reservoir, pH values were found 
to range from 9.1 to 7.2, with the maximum occurring in the month of 
November at surface and middle layers and the minimum in the month of June 
at the bottom layer. As in the case of Malampuzha reservoir, pH in ChuUiyar 
reservoir also remained more or less neutral in most of the months. In 
Peruvannamuzhi reservoir, pH values were generally found to be below 7 and 
rarely exceeded this limit. The range of pH in surface, middle and bottom 
layers of this reservoir were 6.4-7.5, 6.3-7.0 and 6.04-7.0, respectively. The 
maximum pH value occurred during January and May, and the minimum in 
October. 
Electrical Conductivity 
The values of electrical conductivity for Malampuzha, Peruvannamuzhi 
and ChuUiyar reservoir are given in Table 10-12 and presented graphically in 
Fig. 13-15. The pattern of monthly as well as depth-wise variation in electrical 
conductivity was found to be almost similar in all the three water layers, 
showing an increase during January-March and in May, and a gradual 
decrease during September-October and in August. 
Total Dissolved Solids (TDS) 
The values of TDS estimated in Peruvannamuzhi reservoir have been 
given in Table 13 and depicted in Fig. 15. The monthly and depth-wise 
variations in TDS followed the pattern similar to that of electrical 
conductivity. TDS in Peruvannamuzhi reservoir ranged between 15.8 to 36.1 
ppm. A comparison of the above values with those recommended for the 
protection of aquatic life (USEPA, 1975), irrigation (ISI, 1982) and domestic 
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use (ICMR, 1975) indicated that, in terms of TDS, the water quality of 
Peruvannamuzhi reservoir was suitable for various uses. 
Total Hardness 
Results pertaining to total hardness in Peruvannamuzhi reservoir have 
been presented in Table 14 and depicted in Fig. 16. Total hardness varied 
within a range of 5-18 ppm. The level in the surface layer varied between 5-
14, ppm while in the middle and bottom layers it ranged between 6-12.2 ppm 
and 5-18, ppm, respectively. The highest value for hardness was observed 
during the month of February. The data showed that the levels of total 
hardness in Peruvannamuzhi reservoir were well within the highest 
permissible limit (300 ppm) recommended by the ICMR (1975) for domestic 
use. 
Alkalinity 
Monthly and depth-wise pattern of changes in alkalinity of 
Peruvannamuzhi reservoir have been presented in Table 15 and Fig. 17. It 
may be seen that alkalinity in this reservoir followed a general pattern of 
depth-wise increase in different months. The alkalinity ranged between 7.0-
20.0 ppm in surface, 9.0-20.0 ppm in middle and 8.0-23.0 ppm in bottom 
layers. A comparison between the alkalinity levels observed in the reservoir 
with the value (20 ppm) recommended for the protection of aquatic life 
(USEPA, 1975) indicated that, in terms of alkalinity, in certain months, 
especially February, the water of the reservoir was not suitable for various 
uses. 
Chloride 
The results on chloride content of Peruvannamuzhi reservoir are shown 
in Table 16 and depicted in Fig. 18. Chloride content in the reservoir was 
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found to vary between surface, middle and bottom layers within the range of 
4.5-11.8, 4.5-12.0 and 2.9-14.9 ppm, respectively. 
The highest chloride concentration was observed during the month of 
August and the lowest during September-October, and in January, and the 
level was well within the range of permissible limit for different uses in all 
the stations of the reservoir. 
Nitrate 
The pattern of monthly variations in nitrate content in the surface, 
middle and bottom layers of Peruvannamuzhi reservoir revealed that the 
values ranged between 0.01-0.025 ppm in surface, 0.003-0.25 ppm in 
middle, and zero (not detectable) to 0.15 ppm in bottom layers. 
Sulphate 
The result of sulphate analysis has been shown in Table 17. The 
monthly and depth-wise variations of sulphate in Peruvannamuzhi reservoir 
ranged between 0-3 ppm. However, no consistent trend was observed. 
Calcium 
Calcium levels in Peruvannamuzhi reservoir ranged from zero (below 
detectable level) or < 1 ppm to 4.8 ppm (Table 18 and Fig. 19). 
Nitrite 
The nitrite content in the Peruvannamuzhi reservoir varied from zero to 
0.002 ppm. In most samples, nitrite was not detectable over the period of 
study, except in the month of May at Allerymuzhi and Kallanode sampling 
stations. 
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Magnesium 
Magnesium level in Peruvannamuzhi reservoir showed monthly and 
depth-wise variations in the range of 0.12-2.20 ppm (Table 19, Fig. 20), the 
highest value being observed in the samples taken in May from the bottom 
layer of Dam site sampling station. 
Total phosphorus 
Table 20 and Fig. 21 summarize the total phosphorus content in 
Peruvannamuzhi reservoir. The phosphorus level in the reservoir was found to 
fluctuate within the range of 0-40 ppb in surface, 0-789 ppb in middle, and 0-
290 ppb in bottom layers of the reservoir. 
According to USEPA (1975), phosphorus concentration greater than 25 
ppb may cause nuisance algal growth in water body. A comparison of the 
above value with the total phosphorus values observed in Peruvannamuzhi 
reservoir indicated that phosphorus levels in the reservoir were much higher 
for aquatic life and other uses at least in some seasons of the year. 
Metals 
The results of metal analysis have been summarized in Table 21-24. 
Iron, zinc, copper, and manganese were present in the water sample of 
Peruvannamuzhi reservoir in traces (0.01-0.07 ppm) only during September 
and October, while during the remaining months of the year these were below 
the detectable level. In the case of aluminium also, only few samples of 
September had shown its presence in traces (0.03-0.05 ppm) but during rest of 
the months aluminium was below the detectable level. Chromium always 
remained below the detectable level. 
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Discussion 
Temperature is one of the most important abiotic factors influencing 
the aquatic ecosystem. During the present investigation, the thermal 
characteristics of the three reservoirs showed variations w i^th the water 
column, the surface layer generally recording higher temperature than the 
middle and bottom layers. Similar variations were observed earlier in 
Tungabhadra (Sreenivasan 1970), Neyyar reservoir (Nair and Prabhoo, 1980), 
Nagarjunasagar (Natarajan 1983) and Amarchand (Sharma and Gupta, 1994) 
reservoirs. In Bhavanisagar reservoir, however, isothermal temperature 
situation was pointed out, with the surface and bottom waters exhibiting an 
homogeneous conditions (Dorairaj and Pankajam, 1956). The lower 
temperature recorded in the reservoirs in the present study during monsoon 
months could be attributed to greater wind action, rain, cloudy sky and cold 
weather conditions. The higher temperature values in the remaining period 
could be the result of greater intensity and longer duration of sunshine. 
Harikrishnan (1993) also observed similar seasonal variations in temperature 
profile of Neyyar reservoir of Kerala. 
The hydrogen-ion concentration of natural waters is an important 
environmental factor which may get altered with time due to the exposure to 
air, biological activity and temperature. In the present study, the pH level in 
the three reservoirs were found to be within the limit set for protection of 
aquatic life (6.5-9.0) USEPA (1975), irrigation (5.5-9.0), ISI (1982) and 
domestic use (7.0-9.0) ICMR (1975). It was also observed that pH values in 
the three reservoirs were relatively higher in surface than the bottom layer. 
The low pH level in the bottom layer could be due to higher concentration of 
carbon dioxide. Such a variation in pH with water depth was also observed in 
Bhavanisagar (Mathew, 1979), Ghandhisagar (Baber and Choube, 1987), 
Ramgarh (Jhingran 1989), Neyyar (Nair and Prabhoo, 1980) and Parappar 
(Synudeen, 1992) reservoirs. Acidic pH range was reported by Sreenivasan 
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(1970) in the soft water reservoirs of Tamil Nadu, while alkaline pH was seen 
in Sathiar (Kannan and Job, 1980), Jamwa (Gopal et al., 1981), and in 
reservoirs of Madhya Pradesh (Unni, 1985). The higher pH values observed 
during the pre-monsoon months could be the result of low precipitation, 
whereas lower pH values noted during the monsoon and post-monsoon periods 
could be attributed to heavy rain fall and consequent surface runoff 
experienced in the catchment area. Jhingran (1989) and Synudeen (1992) 
encountered a similar correlation between rainfall and river discharge with pH 
in Ramgarh and Parappar reservoirs. 
The amount of dissolved oxygen present in a water body indicates the 
environmental suitability of the system for various purposes (Lagler, 1956). In 
the present study, DO was maximum in the surface layers in all the three 
reservoirs, irrespective of season. Chacko and George (1958) reported 
stratification of the water column with respect to oxygen in a Tamil Nadu 
reservoir in the month of June and August. Devaraj et al. (1988) reported 
oxygen stratification in Hemavathy reservoir in the month of August, 
September and January. A similar situation was also observed by Kannan and 
Job (1980) during the months of October, December and January. Synudeen 
(1992) reported longer duration of DO stratification in Parappar reservoir, 
where stratification was most prominent during the pre- and post-monsoon 
periods. Oxygen depletion was observed during the present study in deeper 
layers of the three reservoirs. A corollary to this finding was apparent in the 
work of Baxter et al. (1965), who correlated such depletion in DO with the 
abundance of organic matter in bottom waters. 
The higher DO level noted in the reservoirs during the monsoon months 
was the natural consequence of heavy rainfall. Unni (1985), while 
investigating the limnology of 24 different reservoirs of central India, 
observed that DO concentration in major reservoirs like Gandhisagar, Tawa 
and Satpura varied from 4.30 to 6.80 mg.l"' in the surface water, pointing out 
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that these reservoirs were stratified with respect to DO concentration. 
Sreenivasan (1970), while studying the limnology of Aliyar reservoir, 
observed that DO in surface water varied between 9 and 10 mg.l"'. Unni 
(1985) observed that smaller the reservoir the greater was its DO 
concentration. In the present study, however, an opposite trend was evident . 
The DO content was higher in larger reservoirs like Malampuzha and 
Peruvannamuzhi and lower in smaller Chulliyar reservoir. The data on DO 
revealed that these reservoirs were free from pollutants, and sufficient oxygen 
content was available in the surface and middle layers of the reservoirs, 
pointing to the healthy condition these water bodies. 
Hardness is used to classify waters as hard or soft water. The total 
hardness observed in the Peruvannamuzhi reservoir indicated that the 
reservoir come under soft category. However, no clear seasonal stratification 
was noticed in terms of hardness at various stations of this reservoir. Govind 
(1963) and Chaudhuri (1978) reported a similar pattern of inconsistent 
stratification of water column with respect to hardness in Tungabhadra and 
Ranapratapnagar reservoirs, respectively. The total hardness in 
Peruvannamuzhi reservoir showed a homogeneous pattern of variation in 
surface and bottom waters which may be attributed to the mixing of water due 
to continuous water currents prevailing in the reservoir. Similar situation was 
noticed earlier in Aruvikkara (Gopinathan, 1985) and Parappar (Synudeen, 
1992) reservoirs of Kerala. 
Alkalinity of water is its capacity to neutralize a strong acid, and is 
characterized by the presence of hydroxyl ions capable of combining with 
hydrogen ions. Most alkalinity in natural waters is formed due to dissolution 
of carbon dioxide, and is considered as indicator of productivity (Wallen, 
1955). During the present study, the range of alkalinity in Peruvannamuzhi 
reservoir was found to be low, varying slightly with water depth. However, 
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there was no clear trend of seasonal variation in alkalinity in different stations 
of Peruvannamuzhi reservoir. 
The general production potential of an aquatic ecosystem is indicated 
by the status of its nutrients. According to Smith (1977) in a lentic system like 
reservoir, nutrients move among three compartments, namely, the dissolved 
organic matter, particulate organic matter and primary and secondary nutrients 
received from the catchment area. These nutrients and energy move through 
the reservoir system by way of grazing and detrital food chain that form the 
biological base of the reservoir. 
In the present study, nitrite nitrogen was found to be very low, below 
detectable limit in most water samples of Peruvannamuzhi reservoir. Lower 
nitrite nitrogen noted in the reservoir during the study was comparable to the 
observation made by Kannan and Job (1980) in Sathiar reservoir, and Baber 
and Choube (1987) in the Gandhisagar reservoir. 
Total phosphorus is a common limiting factor for the growth of 
phytoplankton. Phosphorus taken up by algae are recycled back to 
phytoplankton via excretion from fish, zooplankton and bacterial activity. 
Most of the Indian reservoirs are reportedly characterized by low phosphorus 
level (Natarajan and Tripathi, 1984; Synudeen, 1992; and Harikrishnan, 
1993). In the present study, however, a high level of phosphorus was detected 
in the middle and bottom layers of Peruvannamuzhi reservoir. Presence of this 
high level of phosphorus may be due to high precipitation in the catchment 
area, agricultural runoff and erosion of soil particles from steep slopes. 
Enrichment of nutrients by rain has also been reported by other workers 
(Hutchinson, 1941; and Schinder et al, 1986). The result of phosphorus level 
in Peruvannamuzhi reservoir indicate towards eutrophication tendency of this 
reservoir. 
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In the case of metal contents, the study on Peruvannamuzhi reservoir 
showed their presence in traces, especially of iron, zinc, manganese and 
aluminium. Chromium in the samples was always below the detectable level. 
The findings indicate that the reservoir was devoid of pollution and could be 
used for various purposes, including fisheries. 
Summary 
Limnological characteristics of selected reservoirs of Kerala, viz. 
Malampuzha, Peruvannamuzhi and Chulliyar, were studied with respect to 
their physico-chemical and biological conditions. While a detailed study was 
carried out on the medium-sized Peruvannamuzhi reservoir, only basic 
limnological parameters were evaluated for the other two reservoirs. 
Rainfall data for the study area indicated that about 85% of the rainfall 
occurred during June to December. The reservoirs were fed by south-west and 
north-east monsoon, the former contributing about 70% of the total rainfall, 
with peak occurring in July and August. The water-spread area of the 
reservoirs was found to reduce by about 25% of the maximum during the dry 
season. Fluctuations in the water level of the three reservoirs were observed 
depending on seasonal rainfall and other factors. Temperature in the 
reservoirs fluctuated between 24.5-34.0%, showing both vertical as well as 
monthly variations. In general, the surface layer registered higher temperature 
than the middle and bottom layers. The temperature at the three stations of 
Peruvannamuzhi reservoir showed low annual fluctuations. Dissolved oxygen 
remained higher (8-1 Ippm) during the months of September and October. DO 
in surface layers was generally higher than the middle and bottom layers. 
Monthly variations were also evident in pH and the values were within the 
limits set for protection of aquatic life, irrigation and domestic use. The 
pattern of monthly as well as depth-wise variations in electrical conductivity 
was almost similar in the three reservoirs, showing an increase during January 
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to March and in May, and a gradual decrease during September to October 
and in August. 
Total dissolved solids, estimated in Peruvannamuzhi reservoir, showed 
monthly and depth-wise variations similar to that of electrical conductivity. 
TDS ranged between 15.8 to 36.1 ppm. In terms of IDS, the water quality of 
Peruvannamuzhi reservoir was found suitable for various uses. Results of the 
total hardness of this reservoir indicated a range of variation between 5-18 
ppm, the highest value being observed during February. The level of total 
hardness was well within the higher permissible limit for domestic use. 
Alkalinity in Peruvannamuzhi reservoir followed a general pattern of depth-
wise decrease in all the three water layers in different months, varying 
between 7 to 20 ppm in surface, 9-20 ppm in middle and 8-23 ppm in bottom 
layers. In terms of alkalinity, in certain months, especially February, the water 
of the reservoir was not found suitable for various purposes. Chloride content 
in the reservoir also showed vertical and monthly variations and the level was 
within the range of permissible limit for various uses. The pattern of monthly 
variations in nitrate content in surface, middle and bottom layers of the 
reservoir revealed only a slight variation. No consistent trend was observed in 
monthly and depth-wise variations of sulphate and calcium contents of 
Peruvannamuzhi reservoir. Magnesium showed monthly and depth-wise 
variations in the range of 0.24-2.19 ppm. The phosphorus level in the 
reservoir fluctuated between 0-40 ppb in surface, 0-789 ppb in middle, and 0-
290 ppb in bottom layers of the reservoir, indicating towards possible 
eutrophication of this reservoir. 
Metals like iron, zinc, copper, manganese and aluminum were present 
in traces only during August and September, while in the rest of the months 
these metals remained below the detectable level at all the stations of 
Peruvannamuzhi reservoir. 
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The findings indicated that the reservoirs, particularly Peruvannamuzhi 
reservoir, were devoid of pollution and could be used for various purposes, 
including fisheries. 
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Table 1. Monthly vertical variation in water temperature (°C) at Malampuzha reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) 22.1 22.0 23.2 22.1 19.1 17.0 07.0 12.5 10.2 10.5 -
Surface 30.0 29.1 34.0 30.0 31.0 29.5 31.5 31.0 31.0 30.1 
SD - - 33.1 30.0 30.5 29.1 31.1 30.5 31.5 28.5 -
4 Metre - - 33.0 29.5 29.5 28.5 31.5 30.5 31.0 29.2 -
Middle (11m) 29.1 29.0 30.1 29.1 29.0 28.5 - 31.0 29.0 -
Bottom 28.0 28.0 30.0 29.5 28.5 27.5 29.0 30.1 29.1 29.0 -
Table 2. Monthly vertical variation in water temperature (°C) at ChuUiyar reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) - 07.0 06.5 12.1 11.0 04.5 07.0 04.1 04.2 04.1 04.0 -
SD depth - 01.1 01.0 01.0 01.0 01.2 01.0 01.2 00.5 00.5 00.0 -
Surface - 30.0 31.2 30.1 28.1 30.1 28.1 30.2 32.0 32.1 29.0 -
SD - 30.1 31.0 30.0 27.0 29.0 28.0 29.5 32.0 32.5 29.1 -
Middle (4 m) - 30.5 30.5 30.0 27.5 29.1 28.0 29.0 32.0 32.5 29.1 -
Bottom - 30.2 30.5 28.5 28.1 28.5 27.5 29.2 32.2 32.5 20.2 -
Table 3. Monthly vertical variation in water temperature (°C) at various stations of 
Peruvannamuzhi reservoir 
Season Damsite 
S M 
Allerymuzhi Kallanode 
B S M B S M B 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
30.5 
31.0 
29.1 
30.0 
32.2 
30.5 
28.5 
26.2 
26.1 
28.1 
27.0 
28.1 
27.0 
25.5 
24.1 
24.2 
25.3 
24.0 
24.5 
25.5 
24.5 
Na 
31.0 
29.0 
33.1 
32.1 
Na 
28.0 
Na 
28.0 
28.5 
29.0 
30.1 
Na 
26.5 
Na 
25.5 
26.1 
30.0 
29.0 
Na 
25.1 
31.0 
30.1 
30.5 
33.1 
33.0 
32.5 
28.0 
26.5 
27.0 
30.1 
Na 
31.1 
Na 
Na 
26.0 
26.0 
29.0 
27.5 
31.1 
30.5 
27.0 
S-Surface; M-Middle; B-Bottom 
Table 4. Monthly vertical variation in DO (ppm) at Malampuzha reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) 22.0 22.0 23.1 22.0 19.0 17.0 07.1 12.5 10.0 10.5 -
Surface 10.5 08.0 03.9 04.5 04.7 04.4 05.4 03.8 05.8 03.7 -
SD 09.9 08.4 3.83 04.2 04.4 04.2 05.2 04.1 05.5 04.1 
4 Metre - 9.31 3.94 04.3 04.4 04.3 05.0 03.6 05.8 04.2 -
Middle (Urn) 08.6 8.91 3.53 05.2 04.2 04.4 - 03.6 04.3 
Bottom 01.5 01.5 01.5 01.5 01.5 01.1 01.0 01.1 01.2 01.1 
Table 5. Monthly vertical variation in DO (ppm) at Chulliyar reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) 07.0 06.5 12.0 11.0 04.5 07.1 04.0 04.0 04.1 04.0 
Surface 
SD 
4 Meter 
Middle 
Bottom 
04.6 04,7 04.5 03.8 04.3 04.1 04.2 03.9 04.3 03.8 
04.9 04.4 03.1 03.7 04.2 03.9 03.9 03.9 04.1 04.2 
04.9 04.1 04.4 03.9 04.2 03.9 02.6 03.6 04.1 04.1 
04.3 03.0 02.4 03.9 02.6 03.9 02.7 03.6 03.5 04.2 
01.0 01.0 01.0 01.0 01.0 01.0 01.0 00.5 00.5 00.0 
Table 6. Monthly variation in Dissolved oxygen value at various stations Peruvannamuzhi 
reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
08.7 
08.7 
08.3 
07.8 
07.3 
07.5 
08.5 
Damsite 
M 
07.1 
06.9 
07.9 
05.7 
00.0 
02.4 
04.7 
B 
03.1 
01.5 
01.0 
00.2 
00.0 
0.23 
02.6 
S 
09.1 
09.1 
08.7 
07.7 
07.1 
Na 
09.0 
AUerymuzhi 
M 
07.9 
07.8 
08.6 
08.4 
06.9 
Na 
07.5 
B 
04.2 
04.8 
01.7 
00.9 
06.9 
08.4 
08.3 
S 
08.7 
09.1 
08.2 
06.6 
06.8 
08.4 
09.3 
Kallanodc 
M 
07.2 
06.5 
08.2 
Na 
Na 
Na 
Na 
k 
B 
04.2 
01.2 
08.2 
07.3 
06.7 
07.1 
08.3 
S-Surface; M-Middle; B-Bottom 
Table 7. Monthly vertical variation in pH values Malampuzha reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) 22.0 22.0 23.1 22.0 19.0 17.2 07.2 12.5 10.0 10.5 -
Surface 07.8 07.9 08.9 08.3 08.6 08.9 09.2 08.7 08.9 07.2 -
SD - - 08.9 08.4 08.4 08.7 09.1 08.6 08.8 07.2 -
4 Meter - - 08.5 08.2 08.3 08.4 08.9 08.6 08.8 07.4 -
Middle (11m) 07.7 07.8 07.9 08.1 08.1 08.4 - 08.5 07.7 
Bottom 05.0 07.9 07.9 08.4 07.9 08.0 08.8 07.2 07.3 06.8 -
Table 8. Vertical variation of pH in ChuIIiyar reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) - 07.0 06.5 12.0 11.0 04.5 07.0 04.1 04.0 04.2 04.1 -
SD - 01.0 01.0 01.2 01.0 01.1 01.0 01.0 00.5 00.5 00.0 -
Surface - 08.5 08.8 09.1 08.9 08.4 08.8 08.5 07.8 08.1 08.9 -
SD - 08.4 08.8 09.1 08.5 08.0 08.7 08.5 07.7 07.9 08.7 -
Middle (4 m) - 08.5 08.8 09.1 08.3 07.9 08.7 08.1 07.7 07.5 07.2 -
Bottom - 08.4 08.7 08.3 08.1 07.9 08.6 08.1 07.7 07.5 07.2 -
Table 9. 
Season 
Monthly 
S 
variation in 
Damsite 
M 
pH value at various stations of Peruvannamuzhi reservoir 
B S 
AUerymuzhi 
M B S 
Kallanode 
M B 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
06.9 
06.7 
07.0 
06.6 
06.9 
07.5 
-
06.3 
06.5 
07.0 
06.6 
06.9 
06.8 
-
06.6 
06.1 
06.5 
06.6 
06.4 
06.1 
-
06.6 
06.9 
07.0 
06.4 
06.9 
07.1-
-
06.8 
06.6 
06.9 
06.0 
06.9 
07.1 
-
06.8 
06.4 
06.5 
06.2 
06.9 
07.1 
-
00.7 
06.8 
07.0 
07.1 
06.8 
06.4 
-
06.5 
06.9 
Na 
Na 
Na 
Na 
-
06.4 
06.7 
06.5 
07.0 
06.7 
6.04 
-
S-Surface; M-Middle; B-Bottom, SD-Secchi Disc depth 
Table 10. Monthly vertical variation in Conductivity (^s) at Malampuzha reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) 22.0 22.0 23.0 22.0 19.0 17.0 07.0 12.5 10.0 10.5 
Surface - - 50.0 20.0 50.0 50.0 80.0 90.0 70.0 100.0 -
SD - - 60.0 30.0 70.0 60.0 70.0 140.0 70.0 90.0 
4Metre - - 60.0 30.0 80.0 60.0 60.0 80.0 80.0 90.0 
Middle (11m) - - 50.0 40.0 80.0 60.0 - 80.0 80.0 
Bottom - - 60.0 40.0 80.0 70.0 70.0 80.0 80.0 140.0 
Table 11. Monthly vertical variation in Conductivity (^s) at Chulliyar reservoir 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
Total Depth (m) - 07.0 06.5 12.0 11.0 04.5 07.0 04.0 04.0 04.1 04.0 -
SD - 01.0 01.1 01.2 01.0 01.0 01.1 01.0 00.5 00.5 
Surface - 41.0 170.0 190.0 220.0 360.0 360.0 350.0 320.0 300.0 230.0 -
SD - 38.0 150.0 190.0 230.0 380.0 360.0 350.0 330.0 330.0 330.0 -
Middle (4 m) - 39.0 110.0 210.0 180.0 380.0 350.0 390.0 330.0 330.0 330.0 -
Bottom - 42.0 120.0 170.0 160.0 380.0 360.0 390.0 340.0 350.0 340.0 -
Table 12. Monthly vertical variation in conductivity (ps) at various stations 
Peruvannamuzhi reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
26.4 
26.4 
30.3 
31.6 
33.1 
32.4 
31.3 
Dam site 
M 
29.5 
29.5 
31.3 
30.3 
33.0 
28.2 
30.6 
B 
30.1 
30.1 
35.2 
35.9 
44.0 
35.4 
31.3 
Allerymuzhi 
S 
27.4 
27.4 
Na 
36.5 
38.5 
24.6 
31.3 
M 
28.8 
28.9 
Na 
40.3 
43.4 
25.8 
42.1 
B 
28.8 
28.8 
38.9 
55 
58.2 
25.8 
Na 
S 
36.8 
32.7 
38.4 
38.7 
53.6 
25.6 
28.8 
Kallanode 
M 
29.8 
35.2 
Na 
Na 
Na 
Na 
Na 
B 
34.3 
34.8 
36.9 
Na 
60.1 
26.9 
38.1 
Table 13. Monthly vertical variation in Total Hardness at various stations of 
Peruvannamuzhi reservoir 
Season 
S 
Dam site 
M B 
Allerymuzhi 
S M B 
Kallanode 
S M B 
Sep 05.0 06.1 05.0 07.0 07.0 07.1 08.0 08.0 07.5 
Oct 06.1 06.0 06.1 06.1 07.1 07.0 07.0 08.0 08.0 
Jan 08.0 08.2 08.0 08.0 08.2 11.0 09.0 Na 10.0 
Feb 08.2 08.0 09.1 09.2 10.1 09.0 14.0 Na 18.0 
Mar 08.1 08.1 08.0 09.0 09.0 09.0 12.0 Na 14.0 
May 08.0 09.0 12.0 08.1 09.1 09.0 07.0 Na 08.0 
Aug 10.0 11.0 11.0 07.0 12.2 04.0 07.0 Na 09.0 
Table 14. Monthly vertical variation in Alkalinity at various stations of Peruvannamuzhi 
reservoir 
Season Dam site Allerymuzhi Kallanode 
S M B S M B S M B 
Sep 09.1 09.1 08.0 09.0 10.0 09.0 14.0 10.1 11.0 
Oct 10.1 10.0 08.0 11.0 10.0 10.1 13.1 11.0 13.1 
Jan 12.0 12.1 12.1 16.0 16.1 16.1 14.1 Na 14.0 
Feb 18.1 20.0 20.0 15.0 15.1 20.0 17.0 Na 23.0 
Mar 14.0 14.1 14.2 15.1 15.0 15.0 20.1 Na 14.1 
May 14.1 14.0 23.0 14.0 14.0 14.0 15.2 Na 11.1 
Aug 14.2 12.0 12.0 Nil Nil Nil 07.0 Na Na 
S-Surface; M-Middle; B-Bottom, SD-Secchi Disc depth 
Table 15. Monthly vertical variation in total dissolved solids at various stations of 
Peruvannamuzhi reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
15.8 
16.2 
18.2 
19.2 
19.9 
32.4 
18.8 
Dam site 
M 
17.7 
17 
18.8 
18.0 
19.9 
28.2 
18.4 
B 
17.2 
17.9 
21.1 
21.6 
26.1 
35.4 
18.8 
J 
S 
16.5 
17.4 
Na 
21.9 
23.0 
24.6 
18.9 
.^Uerymuzhi 
M 
17.4 
18.7 
28.7 
23.2 
26.1 
25.8 
25.3 
B 
17.3 
17.7 
20.3 
33.0 
34.9 
25.8 
Na 
S 
17.3 
19.6 
23.6 
23.2 
32.2 
25.6 
17.3 
Kallanode 
M 
22.1 
21.2 
Na 
Na 
Na 
Na 
Na 
B 
20.6 
20.9 
21.2 
Na 
36.1 
26.9 
22.9 
Table 16. Monthly vertical variation in chloride at various stations of Peruvannamuzhi 
reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
07.5 
05.7 
07.9 
04.9 
05.7 
05.3 
12.0 
Dam site 
M 
05.5 
05.7 
07.5 
04.9 
05.7 
04.5 
12.1 
B 
05.5 
06.6 
02.9 
04.9 
05.7 
04.5 
14.6 
Allerymuzhi 
S 
04.5 
06.6 
07.9 
11.8 
06.1 
05.7 
10.9 
M 
05.5 
07.0 
07.9 
11.8 
06.1 
05.7 
11.5 
B 
05.5 
06.2 
07.0 
08.8 
06.1 
06.5 
13.6 
Kallanode 
S 
07.5 
06.2 
07.5 
04.9 
06.5 
6.09 
10.2 
M 
06.5 
06.6 
-
-
-
-
-
B 
05.2 
06.9 
-
08.5 
06.5 
06.9 
10.9 
S-Surface; M-Middle; B-Bottom, SD-Secchi Disc depth 
Table 17. Monthly variation in sulphate (ppm) at various stations of Peruvannamuzhi 
reservoir 
Season -
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
00.1 
00.7 
00.5 
-
-
-
-
Dam site 
M 
01.0 
00.3 
00.5 
-
-
-
-
B 
04.0 
03.0 
01.5 
- • 
-
-
-
S 
01.0 
-
01.5 
-
-
-
-
Allerymuzhi 
M 
00.5 
00.7 
00.5 
-
-
-
-
B 
01.0 
00.2 
00.5 
-
-
-
-
S 
-
01.0 
00.5 
00.7 
00.5 
-
-
Kallanode 
M 
-
02.0 
-
-
-
-
-
B 
-
01.5 
00.5 
00.3 
00.5 
-
-
Table 18. Monthly vertical variation in calcium (ppm) at various stations of Peruvannamuzi 
reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
01.2 
02.0 
02.1 
01.6 
-
-
03.2 
Dam site 
M 
00.8 
02.0 
01.6 
01.2 
-
-
02.2 
B 
01.0 
02.4 
02.8 
00.2 
-
-
02.4 
Allerymuzhi 
S 
01.6 
02.0 
-
02.0 
-
-
02.6 
M 
01.8 
02.0 
-
02.4 
-
-
02.5 
B 
02.4 
02.4 
-
02.8 
-
-
01.2 
Kallanode 
S 
-
02.0 
02.8 
03.2 
-
-
01.6 
M 
-
02.0 
-
-
-
-
Na 
B 
02.0 
02.4 
01.6 
04.8 
-
-
01.6 
S-Surface; M-Middle; B-Bottom, SD-Secchi Disc depth 
Table 19. Monthly vertical variation in magnesium (ppm) at various stations of 
Peruvannamuzhi reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
00.5 
00.2 
00.7 
00.9 
10.0 
00.9 
00.5 
Dam site 
M 
00.9 
00.2 
01.2 
01.2 
00.9 
01.2 
00.1 
B 
-
00.2 
00.2 
01.0 
01.2 
02.2 
01.2 
Allerymuzhi 
S 
00.7 
00.2 
-
00.9 
00.9 
00.9 
00.7 
M 
00.2 
00.5 
-
00.9 
00.9 
01.2 
01.9 
B 
00.6 
00.2 
-
01.2 
00.7 
01.2 
00.2 
Kallanode 
S 
-
00.2 
00.5 
01.5 
01.7 
01.7 
-
M 
-
00.7 
-
-
-
-
-
B 
00.2 
00.5 
01.5 
01.5 
01.5 
01.1 
-
Table 20. Monthly vertical variation in total phosphorus (ppb) at various stations of 
Peruvannamuzhi reservoir 
Season 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
-
-
3 
40 
-
-
-
Dam site 
M 
6.3 
-
8 
50 
-
26 
110 
B 
30 
-
3 
250 
16 
90 
80 
S 
-
15 
-
40 
-
20 
30 
Allerymuzhi 
M 
-
6 
-
113 
20 
10 
789 
B 
-
30 
15 
-
50 
40 
290 
S 
-
6 
-
-
20 
40 
20 
Kallanode 
M 
-
20 
-
-
-
-
-
B 
-
20 
50 
-
24 
10 
-
S-Surface; M-Middle; B-Bottom 
Table 21. Monthly vertical variation in iron (ppm) at various stations Peruvannamuzhi of 
reservoir 
Season Dam site Allerymuzhi Kallanode 
M B M B M B 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
0.07 
0.02 
-
-
-
-
-
0.02 
0.07 
-
-
-
-
-
0.07 
0.07 
-
-
-
-
-
0.02 
0.07 
-
-
-
-
-
0.08 0.6 0.02 
0.07 
0.07 
0.02 
0.04 
Table 22. Monthly vertical variation in zinc (ppm) at various stations of Peruvannamuzhi 
reservoir 
Season Damsite Ailerymuzhi Kallanode 
M B M B M B 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
0.12 
0.04 
-
-
-
-
-
0.01 
0.02 
-
-
-
-
-
0.01 
0.02 
-
-
-
-
-
0.05 
0.02 
-
-
-
-
-
0.02 
0.03 
-
-
-
-
-
0.01 
0.07 
-
-
-
-
-
0.01 0.01 0.01 
Nil 0.01 0.01 
S-Surface; M-Middle; B-Bottom 
Table 23. Monthly vertical variation in copper (ppm) at various stations of 
Peruvannamuzhi reservoir 
Season Dam site Allerymuzhi Kallanode 
Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
S 
0.02 
0.03 
-
-
-
-
-
M 
0.01 
0.03 
-
-
-
-
-
B 
0.02 
0.03 
-
-
-
-
-
S 
0.02 
0.03 
-
-
-
-
-
M 
0.01 
0.03 
-
-
-
-
-
B 
0.04 
0.03 
-
-
-
-
-
S 
0.01 
-
-
-
-
-
-
M 
0.02 
-
-
-
-
-
-
B 
0.05 
-
-
-
-
-
-
Table 24. Monthly vertical variation in manganese (ppm) at various stations of 
Peruvannamuzhi reservoir 
Season Dam site Allerymuzhi Kallanode 
S M B S M B S M B " 
002 002" Sep 
Oct 
Jan 
Feb 
Mar 
May 
Aug 
0.02 
0.03 
-
-
-
-
-
0.02 
0.02 
-
-
-
-
-
0.02 
0.02 
-
-
-
-
-
0.15 
0.02 
-
-
-
-
-
0.02 
-
-
-
-
-
-
0.03 
0.03 
-
-
-
-
-
0.02 
0.01 
-
-
-
-
-
NB: Sampling in certain months could not be carried out due to heavy rains, flooding and 
turbulence. 
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Chapter II 
LIMNOLOGICAL CHARACTERISTICS OF SELECTED 
RESERVOIRS OF KERALA II. PRIMARY PRODUCTIVITY 
Introduction 
Primary productivity of an ecological system or community is the rate 
at which radiant energy is stored by photosynthetic and chemosynthetic 
activity of producer organism (green plants) in the form of organic substances 
which can be used as food material (Odum, 1971). Primary production studies 
are aimed at the evaluation of the capacity of an ecosystem to build up at the 
expense of external energy, both radiant and chemical (Vollenweider, 1969). 
Measurements of primary productivity of the ecosystem is essential in food-
chain studies. The daily and seasonal carbon flow in the system forms the 
base of the annual food pyramid which can be used to estimate the maximum 
production at higher trophic levels. The sustainable yield of a fishery can also 
be estimated by using measurements of primary production (Steel, 1974; 
Melack, 1976; and McConnel et al., 1988). Change in primary production rate 
may also reflect the instantaneous effect of a nutrient, toxicant, or physical 
changes in the environment. The chief physical, chemical and biological 
limiting factors to primary production are light, temperature, nutrients and 
zooplankton grazing. Availability of nutrients has been recognized as one of 
the major factors controlling primary production (Qasim, 1972). Grazing by 
herbivorous zooplankton significantly limits phytoplankton production 
(Dawes, 1981). The main ecological factors which determine the rate of 
primary production are nutrients, principally nitrate and phosphate, dissolved 
carbon dioxide and the rate of chlorophyll containing plant, etc. 
Various reservoir ecosystems of the world have been the subject of 
detailed studies on their primary production (Gaarder and Gran, 1927; 
Sorokin, 1958; Silva and Davies 1987). 
Definite progress has also been made in understanding the productivity 
status of Indian reservoirs, evolving suitable strategies for fisheries 
development. Important studies are those of Sreenivasan (1964, 1965, 1969a) 
on the limnology and productivity status of Bhavanisagar, Amaravathy and 
Stanley reservoirs, Ganapati and Pathak (1969) on primary productivity of 
Sayatisarovar reservoir, and Pathak (1979) on the productivity of 
Nagarjunasagar reservoir. Jayangoudar (1980) investigated the status of 
primary production in Ajwa reservoir. Kannan and Job (1980) studied the 
primary productivity of Sathiar reservoir, while Gopal et al. (1981) studied 
the limnological characteristics and primary production in Jamwa Ramgarh 
reservoir. Natarajan and Pathak (1983) made investigations on the pattern of 
energy flow in freshwater tropical and sub-tropical impoundments, comparing 
photosynthetic energy fixation and energy conversion in Bhavanisagar, 
Nagarjunasagar, Riband and Govindsagar reservoirs. Khan et al. (1990) 
described the significance of primary production in fisheries management in 
Bachhra reservoir. Govind et al. (1990) made preliminary observations on 
primary production as a part of the management strategy for Krishnarajasagar 
reservoir of Karnataka. Pati and Sahu (1993) reported the status of primary 
production in Rangali reservoir of Orissa. Information on the primary 
production in relation to the fisheries potential of reservoirs of Karnataka 
have recently been provided by Krishna Rao et al. (2002). Srivastava (2002) 
investigated the primary production in Tawa reservoir of Madhya Pradesh. 
In Kerala, no significant study has been carried out on the status of 
primary productivity in reservoirs. The present study is an attempt to evaluate 
the primary productivity potential of selected reservoirs viz. Malampuzha and 
Chulliyar. 
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Materals and methods 
Gross and net primary productivity and community respiration were 
estimated in the two reservoirs during pre-monsoon, monsoon and post-
monsoon seasons of the year. Photosynthetic rate at different levels of water 
column were estimated by analyzing the difference in dissolved oxygen 
following Winkler's method, using light and dark bottle technique (Gaarder 
and Gran, 1927; Vollenweider, 1969; and Strickland an Parsons, 1972). The 
period of incubation was four hour with mid time incubation at around twelve 
noon. Using dissolved oxygen values, the productivity were estimated with 
the procedure as used by Wetzel and Likens (1991). The oxygen values were 
converted into carbon, using a factor of 0.375. Both photosynthetic and 
respiration coefficient were taken as 1.0. The productivity values obtained for 
the incubation period of 4 hours were converted to daily values using a 
diurnal expansion factor of 2. Sampling in certain months could not be carried 
out due to heavy rains, flooding and turbulence. 
Results and discussion 
The data on monthly variations in gross and net primary productivity, 
and respiration rate in Malampuzha reservoir are summarized in Table 1 and 
depicted in Fig. 1. 
The gross primary productivity of Malampuzha reservoir varied from 
0,03 mg C m"'.d'' at 4 meter depth in the month of January to 94.27 mg C m' 
.^d"' at surface in May. The maximum gross productivity (94.27 mg C m "^ d ' ) 
was noted in May and the minimum (15.62 mg C m^d"') in October, 
December and January at the surface layers of Malampuzha reservoir. The net 
primary productivity in this reservoir was found to range from -18.22 mg C 
m"''.d'' at 4 metre depth in the month of April to 92.70 mg C m•^d"' at surface 
in the month of May. The energy available for respiration in Malampuzha 
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reservoir at surface was in the range of -36.8 mg C m"^ .d"' in March to 168.75 
mg C m'^ .d"' in August. 
The data on monthly variations in gross and net primary productivity, 
and respiration rate of Chulliyar reservoir at surface, Secchi depth level and 4 
metre depth from the surface have been presented in Table 2 and Fig. 2. 
The gross productivity of Chulliyar reservoir ranged from 1.56 mg C 
m"'.d"' at 4 metre depth in the month of March to 94.27 mg C m"^ .d"' at 
surface in April. In this reservoir, the gross productivity was high compared 
to the values at Secchi disc depth and bottom layers. The net productivity in 
Chulliyar reservoir varied from -14.6 mg C m'^ .d"' at 4 metre depth in 
November-December to 81.25 mg C m'^.d' in April at surface. The energy 
available for respiration at Chulliyar reservoir ranged from -6.87 mg C m ^ d ' 
at 4 metre depth in October to 55.62 mg C m"'.d'' at 4 metre depth in 
September. 
The data gathered on the primary productivity studies at Malampuzha 
and Chulliyar reservoirs provide quantitative information on the amount of 
energy available to support bioactivity in a larger and smaller aquatic 
ecosystem. 
The study revealed that gross and net primary productivity rate was 
higher in surface layers, declining drastically with depth. Similar observation 
was made by Krishna Rao et al. (2002) on eleven reservoirs of Karnataka 
state. The observed phenomenon could be attributed to decreased rate of 
photosynthesis with depth due to attenuation of light. During the present 
study, higher values for gross and net productivity in both the reservoirs were 
noticed in the months of March-April/May (pre-monsoon), followed by 
August (monsoon). The lowest gross productivity occurred in December 
(post-monsoon). Ganapati (1955) and Sreenivasan (1965) recorded maximum 
gross production in the monsoon period in Stanely reservoir. 
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A comparison of the gross and net primary productivity of the two 
reservoirs indicate that smaller reservoir like ChuUiyar was more productive 
than the larger Malampuzha reservoir, where productivity was moderate. The 
productivity values reported by other workers (Sreenivasan, 1965, 1969a, 
1974; Gopinathan, 1985; Nataranjan and Tripathi, 1984; Synudeen, 1992; and 
Harikrishan, 1993) for many of the Indian reservoir compare with the values 
obtained during the present investigation. 
Summary 
Monthly variations in gross and net primary productivity, and 
respiration rate were studied in Malampuzha and ChuUiyar reservoirs, to 
obtain quantitative information on the amount of energy available to support 
the biodiversity of these reservoirs. The gross and net primary productivity in 
the two reservoirs was higher in surface layers, declining drastically with 
depth. The maximum values for gross and net productivity in both the 
reservoirs were observed in the month of March to April/May (pre-monsoon), 
followed by August (monsoon) and December (post-monsoon). The smaller 
ChuUiyar reservoir was found to be more productive than the larger 
Malampuzha reservoir. 
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Table 1. Variations in primary productivity values of Malampuzha reservoir 
[mgC^l•^d• ' ]* 
Month Gross Productivity Net Productivity Respiration 
Surface SD 4 m Surface SD 4 m Surface SD 4 m 
Aug 7181 - 003 ^022 ^026 ^003 168.75 97^5 22.5 
Sep 25.00 09.37 9.37 -0.03 -0.06 -0.08 43.5 37.5 43.5 
Oct 15.62 31.25 26.04 20.83 36.46 26.04 -6.25 -6.25 
Nov 39.58 04.10 25.00 22.39 08.33 09.37 20.62 -5.00 18.75 
Dec 15.62 31.25 36.46 05.20 10.41 05.20 12.5 25.00 37.5 
Jan 15.62 10.42 10.41 - 15.62 -10.41 18.75 -6.25 
Feb 41.16 26.04 5.20 20.83 05.20 -5.28 25.00 25.00 12.50 
Mar 60.19 16.66 8.33 91.66 01.04 -0.52 -36.8 18.75 10.62 
Apr 72.91 31.25 12.50 52.08 25.52 -18.22 25.00 6.87 36.87 
May 94.27 11.46 09.89 92.70 01.56 -5.72 01.87 11.87 18.75 
Jun . . . . . . . . . 
Jul - - - - - - . . . 
• values are means of two consecutive years 
Table 2. Variations in primary productivity values of Chulliyar reservoir 
[ m g C r n V j * 
Month Gross Productivity Net Productivity Respiration 
Surface SD 4~m Surface SD 4m Surface SD 4 m 
Aug . . . . - - - - -
Sep 42.18 14.06 42.18 21.35 -18.2 -4.60 02.50 38.75 55.62 
Oct 90.10 11.45 12.50 80.16 -1.04 18.23 15.00 13.75 -6.87 
Nov 73.43 02.60 02.60 54.68 -12.5 -14.6 18.75 15.10 20.00 
Dec 18.23 07.29 11.46 01.56 -5.73 -14.6 20.00 15.62 18.75 
Jan 61.97 23.96 4.16 34.89 01.56 01.56 32.5 26.87 03.12 
Feb 53.64 4.16 4.16 33.85 01.56 - 23.75 3.12 05.00 
Mar 82.81 11.46 1.56 58.85 -1.56 -3.12 28.75 15.62 05.00 
Apr 94.27 29.16 32.29 81.25 -1.56 -2.60 15.62 36.87 41.87 
May 04.16 - 15.62 - - 11.46 - - 05.00 
Jun . . . . . . . . . 
Jul . . . . . . . . . 
* values are means of two consecutive years 
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Chapter HI 
LIMNOLOGICAL CHARACTERISTICS OF SELECTED 
RESERVOIRS OF KERALA 
III. PLANKTON AND MACROBENTHOS 
Introduction 
Plankton constitute a major link in trophic structure of an aquatic 
ecosystem, playing an important role in the energy transfer of the aquatic 
environment. Numerous studies have been conducted on reservoirs from 
different parts of the world with respect to the role of both phyto and 
zooplankton in energy production, and their interaction with various 
physico-chemical properties. Investigations by limnologists have revealed 
that trophic level of a water body is reflected in the phytoplankton 
assemblege it harbours. Prescott (1939) has reported higher population of 
desmids in oligotrophic lakes. Similarly, an increase in the abundance of 
Cyanophyceae with eutrophication and presence of Euglenoides have been 
revealed with pollution (Michel and Marshal, 1974). Hart (1990) has 
investigated the distribution of zooplankton in relation to turbidity and 
associated environmental gradients. Abdul Hussein and Mason (1988) 
reported the dynamics of different groups of phytoplankton in Ardleigh 
reservoir of England. Zurek (1989) provided information on horizontal 
distribution of plankton in Roznow reservoir of Poland. Zago (1976) 
studied the seasonal dynamics of Cladocera, while Arcifa (1984) 
investigated the composition and fluctuation of zooplankton in Brazilian 
reservoirs. Hawkins (1988) studied seasonal changes in the density and 
taxonomic composition of zooplankton in relation to water temperature, 
food supply and flushing in a reservoir of Queensland. 
In Asia, several studies have been conducted on phyto and 
zooplankton ecology of reservoirs. Fernando (1980b,c) observed that 
zooplankton composition of Sri Lankan and Southeast Asian reservoirs are 
tropical in nature, with relatively few species of Cladocera and Copepoda. 
Islam et al. (1983) investigated the seasonal variation of phytoplankton in 
Rashidiyah reservoir of Baghdad. Urabe (1989) examined the spatial and 
temporal variations in zooplankton communities of Ogochi reservoir of 
Japan. Piyasiri and Jayakodi (1991) studied the ecology of zooplankton in 
Victoria reservoir of Sri Lanka. Khan and Agugo (1990) studied the 
structure, community and abundance of plankton in a tropical 
impoundment of West Africa. Robarts et al. (1992) examined the phyto and 
zooplankton population dynamics in African reservoirs. In India, a study 
on seventeen reservoirs of Tamil Nadu revealed that deeper reservoirs like 
Amaravathy, Aliyar and Tirumoorthy exhibit blooms of blue green algae 
almost round the year, whereas shallow reservoirs such as Vidur, Poondi, 
Vaigai and Krishnagiri show poor production of plankton (Sreenivasan, 
1966). Composition of phytoplankton in relation to limno-chemistry of 
Mansarovar reservoir of Bhopal was studied by Adholia (1991a). 
Jayangoudar (1980) documented valuable baseline information on 
zooplankton population in Ajwa reservoir of Gujarat. Unni (1985) made a 
comparative study on twenty four medium and major reservoirs of Madhya 
Pradesh, and reported that zooplankton in these reservoirs were dominated 
by rotifers. Other outstanding contributions on plankton of Indian 
reservoirs are those of Sugunan (1980) and Natarajan (1983) on Nagarjuna 
Sagar reservoir of Andhra Pradesh, Singh et al. (1980) on Riband and 
Khan et al. (1990) on Bachhra reservoirs of Uttar Pradesh, Unni (1982) on 
Sampna reservoir of Madhya Pradesh, Devaraj et al. (1988) on Hemavathy 
and Govind et al. (1990) on Krishnaraj sagar reservoirs of Karnataka. 
Sukumaran and Das (2001) also studied the plankton composition and their 
distribution in selected reservoirs of Karnataka. Shrivastava et al. (2002) 
estimated the phytoplankton potential of Tawa reservoir of Madhya 
Pradesh. Recently, Sukumaran and Das (2003) investigated the plankton 
status of major reservoirs of Andhra Pradesh. 
In Kerala, only few reservoirs were studied for their plankton 
ecology. Among the important studies are those of Gopinathan (1985) on 
Aruvikkara reservoir, Nair and Prabhoo (1980) and Harikrishnan (1993) on 
Neyyar reservoir, Khatri (1987a) on Idukki reservoir, Synudeen and Aziz 
(1989) on Peppara reservoir and, Raseena Beevi (1990) on Aruvikicara 
reservoir. Information on benthic fauna of reservoirs of Kerala is also 
much limited. Synudeen (1992) made a pioneering investigation on the 
ecology of benthos in Peppara reservoir. 
The present study was an attempt to find out the status of phyto and 
zooplankton, and macrobenthos in selected reservoirs of Kerala, namely, 
Malampuzha, Peruvannamuzhi and Chulliyar. 
Materials and methods 
Water samples for plankton analysis were taken from different 
stations of the reservoirs using Van don water sampler. For phytoplankton 
analysis, 500 ml sample was treated with 5 ml of Lugols reagent 
(Edmondson, 1959), and a known amount (20 ml) of sample concentrate 
prepared from this after siphoning off the supernatant. After 24 hours, 
quantitative and qualitative plankton analysis were carried out. The 
phytoplankton were identified up to generic level, following the keys as 
given by Needham and Needham (1962), and Tonapi (1980). Plankton were 
counted by drop method, using Whipple ocular micrometer method and the 
number of organisms per ml of water sample calculated (Welch, 1948). 
Samples for macrobenthos were collected using Ekman grab from 
different locations of the reservoir, mixed, diluted and passed through a 
sieve (ASTM 40; 420 micron aperture), and preserved in 5% formaldehyde 
solution for counting in the laboratory under a field microscope. 
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Results 
Results on the composition of plankton and macrobenthos in 
Malampuzha, Peruvannamuzhi and Chulliyar reservoirs have been shown 
in Table 1-3, and depicted in Fig. 1-2. Among phytoplankton, green algae 
(Chlorophyceae) and diatoms (Bacillariophyceae) were found dominant in 
the population. 
In Malampuzha reservoir, 63 genera of plankton were identified. 
Out of these, 19 were diatoms, representing the largest population. The 
green algae were represented by 18, blue-green algae 10, desmids 6, and 
rotifers 2 genera. Six macrobenthic organisms were also identified in this 
reservoir (Table 1). 
The status, abundance and composition of plankton at different 
stations of Peruvannamuzhi have been given in Table 2. In this reservoir, 
the green algae were represented by 5 genera, while yellow-green algae 
and desmids were represented by only one genus each. Dinoflagellate and 
diatom were represented by 2 and 3 genera, respectively. Cladocera and 
copepoda were also identified in this reservoir. 
In Chulliyar reservoir, green algae, with 15 genera, represented the 
largest population followed by diatoms (13 genera), blue-green algae (6 
genera), and desmids (5 genera). The copepoda and cladocerans were 
represented by 3 genera each, while only one genus of rotifer was found. 
Seven macrobenthic organisms were also identified in this reservoir. The 
status of plankton and macrobenthos in Chulliyar reservoir are given in 
Table 3. 
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Discussion 
Plankton, considered an index of fertility of an aquatic ecosystem, 
work as factories of life. They fix and transform the solar energy into 
living substances. The ability of phytoplankton to produce food depends 
upon the available radiant energy and the dissolved nutrients, especially 
nitrates and phosphates, in water. Thus, for any scientific utilization of a 
water body, study of its phytoplankton and physio-chemical characteristics 
is essential. Zooplankton form a major link in the energy transfer at the 
secondary level in the aquatic ecosystem, and their ecology is of 
considerable interest. Likewise, benthos play a vital role in the trophic 
cycle of a water-body, forming an important source of food for bottom 
dwelling fishes, and their distribution and abundance have a direct bearing 
on its fisheries. The composition, abundance and distribution of benthic 
organisms in a water body, over a period of time, is also considered an 
index of its fertility. The benthic organisms in lentic waters are greatly 
affected by siltation, hypolimnetic oxygen deficiency, water level 
fluctuation, spill-way discharge, etc. 
It is well known that trophic level of a water body is reflected in the 
phytoplankton assemblage it harbours. In the three reservoirs of Kerala, 
namely, Malampuzha, Peruvannamuzhi and ChuUiyar, green algae 
(Chlorophyceae) dominated the planktonic composition, followed by 
diatoms (Bacillariophyceae). In Malampuzha and Chulliyar, desmid 
population was higher in comparison to Peruvannamuzhi. Earlier studies 
on Mukuti (Chacko and George, 1958), Tungabhadra (Govind, 1963), 
Amravati (Sreenivasan, 1965), Neyyar (Nair and Prabhoo, 1980), Sathiar 
(Kannan and Job, 1980), Aruvikkara (Gopinathan, 1985), Idukki (Khatri, 
1987a), Dal lake (Yousuf and Praveen, 1990), and Parappar (Synudeen, 
1992) reservoirs revealed the presence of planktonic forms belonging to 
Dinophyceae, Chlorophyceae, Bacillariophyceae and Cyanophyceae. In 
most South Indian reservoirs, diatoms and blue-green algae were reported 
to dominate (Sreenivasan, 1969b) In the present study, marked variations 
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were also seen in planktonic biomass at various stations of 
Peruvannamuzhi reservoir. The higher abundance of planktonic forms such 
as Paediastrum, Peridinium and Asterionella appeared to be the 
consequence of blooming, indicating towards the eutrophic tendency of 
this reservoir. Harikrishnan (1993) also reported higher planktonic biomass 
for certain aquatic biotopes in Neyyar reservoir of Kerala. An increase in 
the abundance of Cyanophyceae was similarly correlated by Mathew 
(1975) with eutrophication of Govindgarh lake. The higher population of 
desmids in Malmpuzha and Chulliyar reservoirs point to the oligotrophic 
nature of these reservoirs. Higher desmid population in oligotrophic lakes 
was also reported by various other workers (Rawson, 1956; and Prescott, 
1939). 
The study of structure and dynamics of zooplankton in lentic waters 
are fascinating. Its main components are protozoans, rotifers and 
crustaceans. In certain aquatic biotopes, insect larvae are common. A 
number of factors, in differing combination account for the differences in 
the species composition between temperate and tropical zooplankton. 
According to Fernando (1980b,c), the most obvious factors involved are 
food and temperature. In tropical waters, there is often a predominance of 
large blue-green algae, some of which may be toxic to zooplankton. 
Edmondson (1965) noticed that blue-green algae inhibit rotifer population. 
In the present study, phytoplankton in the three reservoirs showed 
higher diversity and dominance over zooplankton. A similar distribution 
pattern was observed in Bhavanisagar (Roy, 1955), Tungabhadra (Govind, 
1963), Amravathy (Sreenivasan, 1965), Aruvikkara (Gopinathan, 1985), 
and Parappar (Synudeen,1992) reservoirs. 
The zooplankton community observed during the present study 
comprised of rotifera, cladocera and copepoda. In Peruvannamuzhi 
reservoir, rotifer population was absent. Sreenivasan (1970) oticed the 
dominance of copepods in the zooplanktonic community of reservoirs of 
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Tamil Nadu. Sugunan (1980) also reported the dominance of copepods in 
Nagarjunasagar reservoir. 
Fernando (1980b,c), while studying zooplanktons in Sri Lankan 
freshwaters, revealed paucity of crustaceans and dominance of Brachionus 
species in the limnetic zone. He also noted the abundance of Daphnia in 
Sri Lankan reservoirs. 
Macrobenthic population in Malampuzha reservoir was represented 
by six benthos while in Chulliyar it was represented by seven benthic 
organisms. Natarajan and Tripathi (1984) observed four macrobenthos in 
Riband reservoir. Synudeen (1992) also observed six benthic organisms 
before impoundment of this reservoir. In the present study, benthic 
population was comparatively less in Malampuzha and Chulliyar 
reservoirs. Lower benthic population was similarly reported in a number of 
other Indian reservoirs (David et ai, 1969; Mathew, 1979; Jhingran 1991; 
and Natarajan and Tripathi, 1984). 
Benthic distribution is often shown to be depth-dependent, varying 
with season. Rao et al. (1987). In the present study, however, vertical and 
seasonal distribution of benthic population could not be examined. The 
lower benthic population in reservoirs could be due to the impact of 
impoundment. However, pre-impoundment benthic studies would be 
essential to arrive at a conclusion. 
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Summary 
The composition of plankton and macrobenthos have been examined 
in Malampuzha, Peruvannamuzhi and Chuiliyar reservoirs. Among 
phytoplankton, green algae (Chlorophyceae) and diatoms were found 
dominant in the population. The planktonic biomass in Peruvannamuzhi 
reservoir, showed a higher abundance of Paediastriim, Peridiniiim and 
Asterionella, indicating for the towards the eutrophic tendency of this 
reservoir. 
The zooplankton community comprised rotifera, cladocera and 
copepoda. The phytoplankton in the three reservoirs showed higher 
diversity than the zooplankton. In Peruvannamuzhi reservoir, the rotifer 
population was found absent. 
The macrobenthic fauna in Malampuzha and Chuiliyar reservoirs 
was represented by six to seven benthic organisms. 
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Macrobenthos 
Copepoda 
Rotifera 
Desmids 
Cyanophyceae 
Chloropyceae 
Bacillariophyceae 
Malampuzha 
Cladocera 
Oesnid 
Bacillariophyceae 
Chlorophyceae 
Chrysophyceae 
pyrrophyceae 
Peruvannamuzhi 
Macrobenthos 
Chtorophy 
Cyanophyceae — iJtff laaaaSS*^ Bacillariophyceae 
ChuIIiyar 
Fig. 1. Plankton and macrobenthos status in Malampuzha, Peruvannamuzhi and 
ChuDiyar reservoirs 
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Fig. 2. Status and abundance of plankton at various stations of Peruvannamuzhi reservoir 
PART II 
Chapter IV 
FISH BIODIVERSITY AND FISHERIES OF SELECTED 
RESERVOIRS OF KERALA 
Introduction 
The Indian subcontinent (India, Pakistan, Nepal, Burma, Sri Lanka and 
Bangladesh) is a zoogeographic region of great scientific interest. India is one 
among the twelve mega biodiversity regions of the world, being a meeting 
ground of three major biogeographic realms (Indo-Malayan, Eurasian and 
Afro-tropical). The country is endowed with vast expanse of inland water 
resources noted for their variety as well as rich production potential 
(Sugunan, 1995; and Sinha, 2002). The Inland fish production in India has 
shown a phenomenal increase in the post-independent era from a mere 0.218 
million t in 1950-51 to 2.566 million t in 1998-1999 .This has made India the 
second largest producer of inland fish after China (Talwar and Jhingran, 1991; 
Sugunan, 1995; and Sinha, 2002). 
However, as a result of population explosion, coupled with 
anthrapogenic stresses like habitat distruction, over exploitation, and 
pollution, etc., the freshwater ecosystem are under constant pressure, resulting 
in shrinkage of fish population (Kirchhofer and Hefti, 1996; and McCuIly, 
1996). To meet the ever increasing demand for fish as a protein rich food, 
efforts are being directed to exploit fish resources in a rationale and scientific 
manner. 
Though created basically for irrigation, drinking water and power 
generation, the reservoirs resource of India hold immense potential for fish 
production simply because of their vast magnitude (31,53,366 ha) and 
prevalence of lotic as well as lentic conditions. However, the present fish 
yield from these resources remains much below the estimated potential. The 
catch rate from large, medium and small reservoirs is reported to be as low as 
11.43, 12.30 and 49.90 kg.ha''.yr"', respectively, with a gross average of 
29.70 kg.ha''.yr"' (Dehadrai, 2002). Data collected by the Central Inland 
Fisheries Research Institute (CIFRI) suggest that fish production potential of 
Indian reservoirs is much higher, ranging from 50-75 kg.ha'.yr"' for medium 
and large reservoirs to 150 kg.ha''.yr'' for small reservoirs (Sugunan, 1995). 
Low priority had been given to reservoir fisheries till recent past. 
Comprehensive research, done under the All India Coordinated Research 
Project on ecology and fisheries of freshwater reservoirs, has led to formation 
of basic hypothesis on the productive capacities of some reservoirs under 
various categories (Sugunan and Sinha, 2000). Inadequate implementation of 
management norms are reported to be the main cause for the present poor 
production from Indian reservoirs (Sinha, 2002). Many reservoirs came into 
existence without much attention given to fishery development at pre-
impoundment phase. In such reservoirs, it is also imperative to study the 
fishery potential for an effective resource management (Kamal, 2002). 
In Kerala, organized fisheries in reservoirs began during early sixties 
under the auspices of State Fisheries Department. At present, Kerala has 30 
reservoirs, with a total water-spread area of about 30,000 ha. Of these, only 
11 reservoirs are open to organized fishing. Investigations on fisheries 
potential of these reservoirs are relatively few, the notable being those of 
Gopinathan (1985), and Taege et al. (1993) on Malampuzha reservoir, and 
Sabu and Aziz (1999) on Peppara reservoir. The present study was undertaken 
to assess the fish faunistic diversity, qualitative and quantitative aspect of fish 
stocking, and their fisheries in Malampuzha, Peruvannamuzhi and ChuUiyar 
reservoirs of Kerala, with a view to evolve a comprehensive reservoir 
management strategy. 
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Materials and methods 
For collecting the data on fish and fisheries, assessment of catches 
brought by the fishermen was made at the landing site itself and identification 
of fish species carried out using standard taxonomic tools and literature 
(Talwar and Jhingran, 1991 and Nelson, 1994). Specimens were also 
preserved in 5% formaldehyde for further confirmation of the species, 
wherever necessary. Secondary data were also collected from the official 
register book of the respective Fisheries Cooperative Societies. 
Results 
The reservoirs were found to be rich in their fish biodiversity, most of 
the species in the three reservoirs were found to be indigenous and their 
abundance and composition largely reflected the pre-impoundment situation. 
In the course of environmental changes and human intervention, however, a 
few species appeared to have vanished, while others flourished in the new 
habitat. Some non-indigenous species {Catla catla, Labeo rohita, Cirrhinus 
mrigala, Cyprinus carpio and Oreochromis mossambicus) got introduced into 
these reservoirs during the course of repeated stock enhancement programme. 
A considerable portion of the indigenous fish population were trash fish i.e. 
with little growth potential and poor consumer appeal. 
In Malampuzha reservoir, 26 fish species belonging to 12 families, 
were identified (Table 1, Fig.l). Majority of these fishes belonged to family 
cyprinidae, which was represented by 12 species. In Peruvannamuzhi 
reservoir, 21 species belonging to 10 families were recorded during the 
present study. Cyprinidae, with a maximum number of 5 species, was 
followed by siluridae which was represented by 4 species in this reservoir 
(Table 2, Fig. 1). In Chulliyar reservoir, 24 species of fish were identified 
which belonged to 9 families. Here again family cyprinidae was represented 
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by largest (14) number offish species (Table 3, Fig. 1). The total fish yield in 
the three reservoirs for the period of study (1989-97) has been shown in 
(Table 4 and Fig. 2). Although no clear trend could be established, the 
maximum fish yield (43100 kg.) during 1991-92 was obtained from ChuUiyar 
reservoir, while the minimum (2433 kg.) from Peruvannamuzhi reservoir 
during 1993-94. 
While regular stocking of the above reservoirs by various species of 
carp started in mid-70s, it remained at low and insignificant level until late 
80s and no authentic figures were available until 1992. Stocking was done on 
regular basis in Chulliyar reservoir over the period from 1992-93 to 1996-97. 
In Malampuzha reservoir, stocking was initiated a year later, while in 
Peruvannamuzhi fish fingerlings were stocked from 1995-96 onwards. Table 5 
gives the stocking densities of fingerling in the three reservoirs selected for 
study. The same have also been depicted in Fig, 3. 
The per cent composition of various fish species landed at Malampuzha 
reservoir during the period of study has been given in Table 6. Their group-
wise per cent contribution over the same period has been given in Table 7 and 
depicted in Fig. 4. In 1989-90, tilapia dominated the landing by 53% but 
declined to about 14% in 1992-93. This drop seemed to favour the minor 
cyprinids, the share of which rose to 53% during the same period. The share 
of Indian major carps (IMC) remained more or less stable, around 20%, with a 
slight rise in 1991-92, and from 1995-97. The total catches during the period 
1989-90 was found dominated by non-indigenous or stocked species (IMC, 
common carp and tilapia), representing about 80% of the catch. Tilapia, the 
only self-reproducing fish among the exotic species, had a major share in the 
catch.. Thereafter, a decline of tilapia was accompanied with increase in the 
indigenous species (minor cyprinids and others) which formed the bulk of the 
catches. Table 7 also provides data on total as well as per ha. yield from this 
reservoir. Fish yield at the rate of 5-13 kg/ha/yr at Malampuzha was distinctly 
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poor, even under the presumption that the official statistics were 2 to 3 times 
lower than the actual landings, because of poaching and clandestine sales. 
About 75% of the total harvest from Malampuzha reservoir consisted of self-
recruiting fish species, mainly tilapia and barbs. In order to establish suitable 
management plan, it was essential to know more about these natural stocks 
and their population dynamics. Length-frequency analysis of tilapia, based on 
data collected during the period from of November 1992 to April 1993, 
showed that the population was composed of three different generations. This 
indicated a seasonal breeding pattern with two reproductive periods per year. 
The mean length of the youngest generation was only 18 cm in November-
January and 18.8 cm in April. Specimens as small as 12 cm in length were 
recorded in November-January. Extensive removal of under-sized tilapia from 
the reservoir have had serious consequences for the entire population structure 
of fish. Of the IMC, L. rohita were found to be the most abundant according 
to the harvest data. However, this did not entirely correspond with the 
stocking rate. C. mrigala, for instance, had been stocked at the same rate but 
the harvest was only one third of that of L. rohta. In length-frequency 
analysis, three generations of L. rohita could be distinguished. The mean 
length of the youngest generation caught during February-April, 8-10 months 
after stocking, was only 30 cm, with a weight of 330 g. These fish should 
have been given at least 4-6 months further grow-out time. In terms of growth 
rate, C. mrigala was very similar to L. rohita, and from stocking and 
harvesting point of view these two species of IMC could be dealt with 
together. C. catla was the fastest growing species among the IMC. The mean 
length/weight for 18-20 months old fish was 44 cm/1,860 g, and after 21-23 
months it reached 50 cm/2,700 g. C. catla was found to show the best 
response to stocking in the reservoir. After a stocking of 242 healthy 
fingerlings per ha of about 4 cm size in June/July 1992, the catch went up 
from 1,000 kg in 1992-93 to 3,800 kg in 1993-94. 
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The common carp, C.carpio, were occasionally stocked in Malampuzha 
but were also found breeding naturally in the reservoir. Catch samples of this 
fish measured in November, 1992 - January, 1993 had a mean length of 27 cm 
with a weight of 270 g. It was assumed that the sample originated from the 
spawning around May-June. The fish were just 6-8 month old at the time of 
capture and probably sexually immature. Given another 5-6 months grow-out 
time the fish could have attained an average weight of about 1 kg. 
Among others, glassy perchlet, Parambassis thomassi, was one of the 
most important predatory fish species of the reservoir, but of insignificant 
commercial value. It was being caught only in small quantities. Length 
measurement of this species produced a mean length of 18.4 cm from samples 
collected during November, 1992 - April, 1993 with the maximum length of 
24 cm. The freshwater gearfish, Xenentodon cancila, a fast swimming and 
highly specialized hunter with a schooling behavior in the pelagic zone, were 
also taken in the catches from this reservoir. There were a few other species 
that were believed to be much more abundant than what was reflected in the 
catch statistics, the reason being that they were not easily caught in the 
common gill nets. These included the fishes like Ompok bimaculatus, Clarias 
dussumieri and Mastacembelus armatus, etc. 
Over the period of study, the exotic species (IMC, common carp and 
tilapia) made up almost the entire landing of Chulliyar reservoir (Table 8). 
Indigenous fish estimated less than 1%, IMC contributed an annual mean of 
around 64% (52-76%), tilapia 33% (21-45%) and common carp 2% (1-2%). In 
some years, particularly 1991-93, higher catches of IMC were accompanied 
by decline in tilapia catch (Table 9). 
The total annual catch from the Peruvannamuzhi reservoir was 
observed to be constantly declining from 3454.6 kg in 1990-91 to 949.5 kg in 
1996-97, with an average annual yield of only 2.0 kg/ha (Table 10, Fig. 5). 
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Tilapia was surprisingly absent in the commercial catches of this reservoir. 
However, IMC and other cyprinid species formed more or less equal 
component of total catches. Common carp had a share of around 13%. 
Discussion 
Indian reservoirs have preserved a rich variety of fish species despite 
the cataclysmic faunistic changes associated with their impoundment, and the 
ichthyofauna of the reservoirs basically represent the faunistic diversity of the 
parent river system (Sugunan, 1995). Jhingran (1991) has provided a good 
account of fish and fisheries of the reservoirs associated with the various 
major river systems of India. He has enumerated the endemic and indigenous 
fish species harbouring the reservoirs, and observed that in most reservoirs 
the carps and catfishes contribute to the fisheries. Several of the species were 
endemic to their particular habitat. Besides, many species of carps, 
particularly Indian major carps, the common carp and tilapia were 
transplanted in many of the reservoirs, contributing substantially to the 
commercial fisheries of these water-bodies. Several of the introduced fishes 
have eclipsed the indigenous fish fauna and, as a result, the diversity of fish 
species in many reservoirs has declined considerably over a period of time. 
The Indian major carps have, however, failed to make an impact on any of the 
peninsular reservoirs primarily because of their failure to breed in this 
environment. 
The inland waters of Kerala harbour a rich and diversified fish fauna 
characterized by many rare and endemic species. Kurup (2002) has reported 
the occurrence of 170 freshwater fishes in rivers and streams of Kerala, of 
which 66 species belong to potential food fish category. At present, the 
reservoirs fisheries of Kerala is mostly cultune based capture fisheries. The 
fish fauna of the reservoir is rich and mostly dominated by cyprinids and 
uneconomical native varieties. A perusal of literature indicates that no major 
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study has so far been carried out on fish and fisheries of reservoirs of Kerala 
in an attempt to create a database on their biodiversity, yield and production 
potential. As a result, very little information is available on these aspects. 
In the present study, 26 species figured in the commercial landings and 
samplings of Malampuzha reservoir, whereas the number of fish species in 
Chulliyar and Perunnamuzhi reservoirs were 24 and 21, respectively. The fish 
fauna contained four or five introduced species which included C. catla, L. 
rohita, C. mrigla, C. carpio and O. mossambicus. The remaining species 
were endemic to Western Ghats/Kerala. The fish fauna compared favourably 
with the findings reported on the reservoirs by Panicker (2000), who listed 
some of these species under endangered, threatened or vulnerable categories. 
Gopinath and Jayakrishanan (1984) reported the presence of 17 species of 
fishes from Idukki reservoir of Kerala. From Meenkara, a small reservoir in 
the same state, Nair (1969) has reported the presence of three native and 
seven introduced species, including tilapia. Piska (2001) has reported that 24 
species belonging to 18 genera were found in Sathmaraj, a minor reservoir of 
Hyderabad, India. 
In the present study, tilapia was found to dominate in Malampuzha and 
Chulliyar reservoirs. Panicker (2000) has also made similar observations on 
these two reservoirs. In most of the reservoirs of Kerala and other South 
Indian states, tilapia has been found to be a dominant species and several 
authors have feared a negative influence of tilapia on endemic fish fauna. 
Fernando and Holcik (1990, 1991) and Fernando (1991) made some 
evaluation of the impact of fish introduction in tropical waters, including 
Indian reservoirs. Sreenivasan (1967) made an effort to sum up the utility of 
tilapia in Indian waters based on elaborate analysis of its performance in 
Tamil Nadu water and cautioned against tilapia, indicating that the fish may 
negatively influence the growth rate of fish like catla. Natarajan (1989) 
presented a brief review on the performance of tilapia in Indian waters. 
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Jhingran (1991) has, however, pointed to many attributes of tilapia in 
peninsular reservoirs and recommended for culture of this species in small 
seasonal reservoirs on annual basis. 
Besides tilapia, Indian reservoirs are also reported to harbour a sizable 
population of trash fishes (Dehadrai, 2002). Most of these trash fishes 
compete for food with carps tending to reduce the overall fish productivity of 
the reservoirs (Natarajan, 1976). 
Although an impressive volume of data has been generated on 
limnology, biotic communities, estimate on fish production from Indian 
reservoirs remain grossly inadequate and elucive mainly because of the 
various lacunae in the reservoir fisheries management (Sugunan, 1995). The 
national fish production rate of Indian reservoirs based on catch of 422 
reservoirs, belonging 10 states, during 1992-93 was estimated as 2.13 kg.ha ' . 
As stated, the low level of fish production from Indian reservoirs could be 
attributed to inadequate management and insufficient understanding of the 
reservoir ecosystem. In general, yield from smaller reservoirs is greater than 
medium or large reservoirs. The average fish yield from small/medium 
reservoirs of Kerala has been reported as 53.5 and 4.8 kg.ha"', respectively 
(Sugunan, 1995). In the present study also, higher yield (172-288 kg.ha"') was 
recorded in Chulliyar, the smallest of the three reservoirs, while yield from 
large and medium sized Malampuzha and Peruvannamuzhi reservoirs was 
much lower (5-13 kg.ha"'). The variations observed in fish yield at the three 
reservoirs may be attributed, besides other factors, to relative contribution of 
culture and capture forms, including self-recruiting tilapia species. The 
production seemed to vary with the level of yearly stocking of fish in each 
reservoir, being highest in Chulliyar, followed by Malampuzha and 
Perauvannamuzhi. It appears that the introduced species established better in 
smaller reservoirs which provide favourable conditions for productivity. 
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Sugunan (1995) has reported that in Malampuzha reservoir in 1970's, 
despite a sharp increase in stocking density and corresponding percentage of 
Indian major carps in the stocked fish, the yield remained at low level of 5 kg. 
ha''. Another medium-sized Peechi reservoir in Kerala where 90% of the 
fingerlings stocked were Indian major carps, especially L. rohita, reflected 
poor (4.5 kg.ha"') yield. In Meenkara reservoir which was slightly larger in 
area than Chulliyar, an annual yield of 170 kg.ha'' was reported. In other 
smaller reservoirs of different states of India, the yield ranged from 79-194 
kg.ha''. Even at the present level offish production (94000 t) from reservoirs, 
79% of the contribution comes from small reservoirs (Dehadrai. 2002). 
Systematic stocking of other fast growing food fishes such as IMC, appears to 
be the best option for enhancing the yield from Indian reservoirs. The 
stocking in the reservoirs is termed as successful only if the stocked fish 
establish, breed and contribute to auto-stocking and in many Indian reservoirs 
persistent stocking was not reflected in catches (Sreenivasan, 1984; and 
Sugunan, 1995). High yield in Sri Lankan reservoirs has been attributed to the 
naturalized population of tilapia, therefore, stocking had limited impact on 
short-term basis. In India, the introduction of exotic carp, especially grass 
carp and Nile tilapia, is not encouraged, although these fishes can establish 
themselves in the reservoirs and support sustainable fisheries (Sugunan, 
1997). With proper scientific management, the yield particularly from smaller 
reservoirs can be increased substantially from their present level. 
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Summary 
The three reservoirs, namely, Malampuzha, Peruvannamuzhi and 
ChuUiyar, were rich in their fish biodiversity. Most of the species in the 
reservoirs were indigenous. Some non-indigenous species such as Catla catla, 
L. rohita, C. mrigala, C. carpio and O. mossambica, introduced into the 
reservoirs during the course repeated stock enhancement programme, have 
also been recorded. In Malampuzha reservoir, 26 fish species belonging 12 
families were identified. In Peruvannamuzhi reservoir 21 species belonging to 
10 families were recorded, while in ChuUiyar reservoir 24 species belonging 9 
families were identified. In all the three reservoirs, majority of the species 
belonged to the family Cyprinidae. 
Tilapia, the only self-reproducing fish among the non-indigenous or 
exotic species, affected the catch composition of the reservoir in various 
years. Total fish yield, and stocking have also been examined in the three 
reservoirs for specific periods of study. Higher fish yield (172-288 kg.ha') 
was recorded in ChuUiyar, the smallest of the three reservoirs, while yield 
from large and medium sized Malampuzha and Peruvannamuzhi reservoirs 
was much lower (5-13 kg.ha"'). The variations observed in the fish yield at the 
three reservoirs may be attributed, besides other factors, to relative 
contribution of culture and capture forms, including self-recruiting tilapia 
species. The percent composition of fish species was also examined in 
landings of Malampuzha and ChuUiyar reservoirs, and these were found to 
vary from year to year. 
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Chapter V 
FISHING TECHNOLOGY AND FISHING EFFORT IN 
SELECTED RESORVOIRS OF KERALA 
Fishing technology and fishing effort have a direct bearing on fish 
production in a water body. Management measures are, therefore, most 
often directed towards optimizing fishing effort and selecting the right 
kind of tackles. Raising fishing effort to the optimum, coupled with 
monitoring of stock abundance by catch per unit effort, has become a 
recognized tool for improving fish stock productivity all over the world. 
Other aspects of fishing technologies such as selection of crafts and gears, 
based on topography, depth parameters, mesh size selectivity, etc., also 
contribute to better management of fisheries. 
The bottom of many reservoirs is obstructed by submerged forests, 
ruins, rocks, stones and other obstacles (Znamensky, 1967; and Dawson, 
2002). The presence of these underwater obstructions limits the use of 
active gear in most reservoirs. Due to such obstructions, passive gears like 
set-gill nets are apparently the only type possible for operation in the 
reservoirs. Some workers have recommended the operation of bulk 
catching gear in reservoir having favourable ground and conditions (Mitra 
and Durve, 1969). However, in reservoirs that are constructed recently, 
adequate measures like deforestation and clearing of the boulders and other 
obstacles are being taken up which may help in the introduction of active 
gears like trawls and shore seine for the exploitation of reservoir fishery 
resources (George, 2002; and Dawson, 2002). Information on fishing 
technologies adopted in reservoirs is also essential for their up-gradation, 
in terms of efficiency as well as cost-effectiveness. Although considerable 
information is available on the above subject in several countries 
(Sugunan, 1997), only few studies have been made with respect to Indian 
reservoirs. Indian reservoirs are exploited mainly by simple gill nets, 
seines and lines, and very rarely by trawling (Kartha and Rao; 1990; and 
Sugunan, 1995). Unlike marine sector, very little attention has been paid in 
the past towards improvement of gear in the inland water bodies, 
particularly reservoirs. A few improvements in fishing techniques adopted 
by fishermen in inland reservoirs of India were reported by Gulbadamov 
(1962). Ranganathan and Venkataswamy (1967) conducted experiments in 
Bhavanisagar reservoir to check the efficiency of a newly designed Mettur 
Rangoon net in comparison to traditional gill nets. Coracle, a saucer-
shaped country craft, is the major fishing craft used in the reservoirs of 
peninsular India (Parameswaran and Murugesan, 1984; and Sugunan, 
1997). 
In the present study, an attempt has been made to collect information 
on the crafts and gears used by the fishermen in Malampuzha and Chulliyar 
reservoirs of Kerala. Observations have also been made on efficiency in 
fishing implements operated by the fishermen in Malampuzha reservoir. A 
test fishing was also undertaken in this reservoir, using gill nets of 
different mesh size with a view to gaining information on the status and 
structure of its fish communities, and to verify whether the fisheries in 
practice adequately utilized the available fishing potential. 
Materials and methods 
Information on different types of craft and gear operated in the 
selected reservoirs and their catch effort were collected using structured 
questionnaires and direct observations. 
Test fishing in Malampuzha reservoir was undertaken using a set of 
simple and bottom gill nets. The former consisted of a stretch of nets with 
a total length of approximately 1600 m, and mesh sizes ranging from 22 to 
100 mm (knot to knot), while the latter had a total length of 960 m and a 
similar mesh size spectrum. The reservoir was fished for four consecutive 
days with the experimental nets laid overnight on all typical fishing 
grounds and environment. The catches were validated with respect to their 
quantity. 
Results and discussion 
During the present study on Malampuzha and ChuUiyar reservoirs, it 
was observed that there were 62 active fishermen who were the members 
of the Cooperative Societies. On an average, 22 of them were involved in 
fishing operation daily. No record was available with respect to number of 
independent and unauthorized fishermen but it was likely to be high in 
large reservoir like Malampuzha and low in small one like Chulliyar. The 
quantity of nets operated by the Societies was mostly dependent on the 
availability and allocation of funds by the Government of Kerala. Often, a 
shortage of nets was noticed and the Societies were not seen to take 
initiative to rectify the situation. The fishing effort was, therefore, found to 
be suppressed and many of the Cooperative members became inactive. All 
fishing crafts and gears were owned by the Cooperative Society and only 
the members or member groups were allowed to use them. The ownership 
of crafts and gears by the Cooperatives had resulted in poor maintenance as 
well as rapid depreciation of these assets. What made the situation worst 
was that all crafts and gears were being given to the Cooperatives as grant. 
Neither the Cooperatives nor the individual members felt the responsibility 
to look after the fishing equipments and the bad condition of these fishing 
devices adversely affected the fishing effort in Malampuzha and Chulliyar 
reservoirs. The catch per unit effort (CPUE) varied considerably from one 
reservoir to the other. The CPUE in Malampuzha reservoir was observed 
to be 2.1 t/man/year while in Chulliyar it was 3.2 t/man/year (Table 1). 
Gill nets were found to be the predominant fishing gear in 
Malampuzha and Chulliyar reservoirs. Occasionally, fishing was also done 
by cast nets, hook and line and various types of traps by unauthorized 
fishermen. The gill nets were mainly used as set gill nets. Polyamide 
monofilament was generally used for the main body of gill nets. Polyamide 
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multifilament webbings were also used, mainly in the down-stream areas. 
The fishermen were found to observe the minimum mesh size regulation of 
30 mm. The selvedge, if present, consisted of half to one mesh of 
polyamide multifilament along the head rope. Selvedge was generally not 
provided along the lower edge. Head rope was made of polypropylene (2-4 
dia.), and a common feature of most nets was lack of foot rope. The floats 
and sinkers used varied from gear to gear. Locally available materials like 
pieces of thermocol, foam, rubber and cans, etc., were often used as floats. 
Lead sinkers, stones, tiles, concrete pieces, wood, etc., were seen to be 
used as sinkers. The length of the net mainly depended on the width of the 
reservoir area, and depth of the net varied with depth of the water column 
where it was deployed. Generally, fishing groups/units operated the nets. 
In Chulliyar reservoir, one unit comprising of three fishermen operated the 
nets from coracles. Soaking time was generally about 8 hours depending on 
availability of the fish. Gill netting operations in the reservoirs were 
conducted mostly during the night time. 
Cast nets, locally called as Veesuvala, were used for catching small 
fish shoals. Two types of cast nets were used for fishing. One was the 
stringless cast net and the other stringed cast net. Stringed cast net 
consisted of a simple piece of netting, circular in form, with a strong cord 
passing through the peripheral of the meshes. In stringed cast net, hauling 
line branched into numerous secondary strings which in turn was sub-
divided into three short branches at about 1 m from the periphery to which 
their distal end was attached. These nets had ring opening at the center 
through which the hauling line passed. Polyamide multifilament netting 
was used to fabricate these nets. The mesh size was found to vary from 
17-35 mm. 
Pole and line operation was common in the reservoirs and it was 
mostly used in upstream shallow areas. In some areas, hand line was 
occasionally used. Different types of baits were used to catch the fishes. 
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Traps were also often used in the upstream shallow zones of the 
reservoirs, especially during the dry season. Split bamboo poles were 
mostly employed to fabricate the traps. The traps varied in their shape and 
size. 
The major type of crafts used in the reservoirs were the coracles, 
dug-out and plank-built canoes, and fibre glass reinforced plastic (FRP) 
boats. The most commonly used fishing crafts by the members of the 
Fisheries Cooperatives were the coracles, an ancient craft evolved for use 
in rivers and constructed with locally available materials and local skill. 
An improvised version of the coracle, the FRP coracle, was also introduced 
for use in the reservoirs (Fig. 1-2). Although coracles were comparatively 
cheaper they were far from ideal for use in reservoirs. The main draw-back 
was their circular shape that made them slow and difficult to move. A 
slender canoe, with or without an outrigger, which could be paddled at a 
much higher speed and could be fitted with sail for easy and fast 
movement, was often used in larger reservoirs like Malampuzha. In smaller 
reservoir such as Chulliyar, coracles were preferred. The fishermen found 
these to be more convenient, durable and inexpensive. Coracles were found 
operating in Chulliyar reservoir during the period of study. The 
Cooperative Societies in Malampuzha were using three FRP boats fitted 
with outboard engines. 
The use of coracle for fishing activities was also reported by 
Parameswaran and Murugesan (1984). Wooden boats are also reportedly 
used for fishing in many reservoirs throughout India. Flat-bottomed, 
locally fabricated wooden boats ranging in length from 3 to 7 m are used in 
many reservoirs like, Gobindsagar Gandhisagar, Hirakud and Rihand. 
Plank-built flat-bottomed canoes of 2 to 3 m length have been reported to 
be the most popular fishing craft of Gandhisagar, while in Yarrakalava 
reservoir dug-out canoes, carved out of palm tree, are used for fishing 
(Sugunan, 1995). Several studies have revealed that reservoir fishermen in 
India rely on improvised materials, showing considerable ingenuity in 
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fabricating make shift rafts out of discarded old tyres, logs, used cans, etc. 
(George, 2002). 
In Sri Lanka also the reservoir fishery is reported to be almost 
exclusively a gill-net fishery. Besides, various techniques like 'beating 
technique', sporadic cast netting and angling are also reported to take place 
in the reservoirs (Amarasinghe and Pitcher, 1986; and De Silva, 1988). 
Results of the test fishing carried out in Malampuzha reservoir, 
using a simple and bottom gill net with varying mesh sizes have been given 
in Table 2-3. 
The structure and quantity of fishes which fell to experimental nets 
are summarized in Table 2. The catches were dominated by barb species 
(35 per cent), followed by tilapia for (29 per cent), catla (16 per cent), 
chromides (8 per cent), and perchlets (6 per cent). The catches of 
fishermen, whose nets were fished at the same time, were primarily catla, 
which could be explained by the fact that the experimental fishing used 
more bottom nets and different mesh sizes while the local fishermen 
employed more drift nets and selective mesh sizes. 
The test fishing recorded a total yield of 172.08 kg of fish. CPUE of 
the nets used averaged about 1.1 kg/lOOm^/fishing day (Table 3), a 
relatively low value for a tropical or sub tropical reservoirs. 
CPUE of test fishing was found to vary with mesh size (Table 3). 
The 22 mm mesh in both the experimental nets performed best by catching 
small growing species of 40-60 g individual weight CPUE of all species 
decreased gradually with increasing mesh size up to 45 mm. Beyond this, 
the catch per unit net dropped drastically, especially with 50-60 mm mesh 
size. Interestingly, catches were relatively better in mesh"sizes of 80-100 
mm, the latter entangling predominantly catla of +3 kg body weight with 
an estimated age of 2 years. Bottom nets were found to be more efficient 
than drift/pelagic nets. 
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An inspection of the species selection per mesh size revealed 
relationship between specific body shape and CPUE. While slender species 
like barbs {Gonoproktopterus curmuca and Puntius sarana) were caught 
most efficiently by 32 mm mesh, 45 and 40 mm openings were effective 
for deep, oval-bodied forms (Oreochromis mossambicus and Etroplus 
suratensis). 
Tilapia from 40 mm mesh nets averaged about 200 g in weight, 
indicating that the mesh size were efficient and adequate for this species. 
The mesh, was however, too large for the important native barbs, P. sarana 
and G. curmuca. 38 mm mesh appeared an alternative choice for practical 
combined use. In addition, mesh size between 20 and 25 mm seemed to 
suitably facilitate minor cyprinid fisheries, but needed spatial and seasonal 
restrictions in order to avoid adverse impact on juvenile fish. For the 
Indian carps major and common carp +100 mm mesh size seemed most 
appropriate. George (2002) has reported mesh size optimization 90-150 
mm for C. catla, 89 mm for C. mrigala and 60 mm for L. rohita. He has 
also worked out the fishing height which ranged from 3.0 to 5.25 m, and 
was reservoir specific. 
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Summary 
Observations on fishing technology and fishing effort were made 
with respect to Maiampuzha and Chulliyar reservoirs of Kerala. Of the 62 
active fishermen, who were members of the Cooperative Societies, an 
average of 22 of them were found involved in fishing operations daily. In 
addition, independent and unauthorized fishermen were also operating in 
these reservoirs. Often, shortage of nets suppressed the fishing effort. All 
fishing crafts and gears were owned by the Cooperatives. Depreciation of 
fishing devices, not well cared by the Cooperatives, also contributed to low 
fishing effort. The CPUE in Maiampuzha reservoir was 2.1 
tonnes/man/year, while for Chulliyar it was 3.2 tonnes/ man / year. 
Gill nets, mainly used as set gill nets, were the predominant fishing 
gear in Maiampuzha, Peruvannamuzhi and Chulliyar reservoirs. 
Occasionally, fishing was also done by cast nets, hook and lines, and 
various types of traps by unauthorized fishermen. The fishermen were 
found to observe a minimum mesh size regulation of 30 mm. The nets were 
generally operated by fishing groups or units from coracles and the 
operations carried out mostly in the night time. Cast nets, stringless and 
stringed, were used for catching small fish shoals, with mesh size varying 
17-35 mm. Coracles, dug-out and plank-built canoes and fibre glass 
reinforced plastic boats were the major type of crafts used in the 
reservoirs. The most commonly used fishing crafts were the coracles. In 
larger reservoirs like Maiampuzha, slender canoes with or without 
outrigger were often used, while in smaller Chulliyar reservoir coracles 
were preferred. 
Test fishing, carried out in Maiampuzha reservoir, using simple and 
bottom gill nets with varying mesh sizes, showed that the catches were 
dominated by barb species, followed by tilapia, catla, chromides and 
perchlets. A total of 172.08 kg of fish was caught. The CPUE of the nets 
used for the test fishing averaged about 1.1 kg 100 m^/fishing day. The 
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CPUE varied with mesh size. The 22 mm mesh performed the best. An 
inspection of the species selection per mesh size revealed a relationship 
between body shape and CPUE. 
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Table 1. No. of fishermen, fishing gears, crafts, and CPUE in 
Malampuzha and Chulliyar reservoirs 
Reservoir 
Malampuzha 
Chulliyar 
No. of 
active 
fishermen 
36 
26 
Fishermen 
in 
operation 
(no./day) 
10 
12 
Harvest 
(t) 
21.4 
38.8 
CPUE 
(t/man) 
2.1 
3.2 
No. of 
gill 
net in 
use 
31 
24 
No. of 
craft in 
use 
3FRP 
boats 
6 
coracles 
Table 2. Total catch composition of experimental fishing at 
Malampuzha reservoir 
Species % composition 
Catla catla 
Clarias sp. 
C. carpio 
Etroplus sp. 
Parambassus sp. 
Bar bus sp. 
L. rohita 
O. mossambicus 
Miscellaneous 
16.0 
1.0 
1.0 
8.0 
6.0 
35.0 
29.0 
4.0 
Table 3. CPUE of experimental fishing in Malampuzha reservoir 
Mesh size 
(mm) 
22 
32 
40 
45 
50 
60 
80 
100 
Effort 
2 
10 
12 
10 
11 
18 
10 
12 
Z Pieces 
281 
306 
203 
214 
40 
16 
2 
6 
I kg 
40.95 
38.45 
37.11 
20.01 
9.88 
1.93 
3.9 
19.85 
Average 
individual 
weight (g) 
53 
126 
183 
140 
247 
120 
1950 
3.308 
CPUE 
kg/100 mV 
Fishing day 
5.7 
2.4 
1.8 
1.7 
0.7 
0.1 
0.2 
0.9 
Net area 
m^  
0.261 
1.620 
2.010 
1.775 
1.515 
2.600 
1.775 
2.400 
Fig. 1. A view of fishing operation with a coracle (above) and dug-out canoe 
(below). 
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Chapter VI 
PEN CULTURE AND GROWHT OF CARPS IN 
MALAMPUZHA RESERVOIR: A PRELIMINARY STUDY 
Introduction 
The Indian reservoirs, being largely in the tropical and sub-tropical 
regime, are highly productive from biological point of view (Dehadrai, 2002). 
They constitute the single largest inland fishery resources of India by virtue 
of their vast area and huge production potential. However, rapid development, 
population explosion and ever-increasing demand for fish as protein rich food, 
have placed the aquatic ecosystems, including the reservoirs, under constant 
pressure. Anthropogenic stresses like habitat destruction, over-exploitation, 
indiscriminate killing of juveniles and adults, aquatic pollution, diseases and 
uncontrolled introduction of exotics, and lack of proper management 
strategies have further compounded the problem. 
Many workers have reviewed the reservoir fisheries management in 
India (Sugunan, 1995, 1997; and Sugunan and Sinha, 2000). Studies 
conducted by Natarajan (1979) and Khan et al. (1990) have yielded valuable 
information to develop basic hypothesis on the productive capacities of both 
large and small reservoirs, leading to substantial possible increase in fish 
production. This productivity can optimally be utilized by stocking a right 
mix of fishes. 
The reservoir fisheries in Kerala is largely guided by economic 
considerations rather than biological principles, the result being a poor 
understanding of biological and limnological functions governing the 
production regimes of these reservoirs. Multiplicity of government agencies 
owning and managing the reservoirs has added to the problems by adopting 
irrational norms, with least concern for the enhancement of fisheries. The 
existing knowledge about reservoir production is based on inferences derived 
from isolated studies and insufficient monitoring of catch. The large, v^idely 
dispersed and dynamic nature of these water bodies, combined with their 
diversity of fauna and flora, necessitates implementation of better 
management strategies and interventions to augment the reservoir fisheries 
potential of Kerala. 
In order to meet the growing demand for fish as also for better fisheries 
management, efforts are being directed in many countries to develop suitable 
management techniques for large open water system. Apart from measures 
such as stocking of suitable species mix and exploring energy flux within the 
system to optimize fish production, pen culture has been increasingly used as 
a tool for better management. 
The pen culture is a type of enclosure culture which involves holding 
organisms captive within an enclosed space, while maintaining a free 
exchange of water. The pen culture practice originated in the inland sea area 
of Japan in the early 1920s. It was adopted by the Peoples Republic of China 
in early 1950s for rearing carps in fresh water lakes, and was introduced to 
Laguna de Bay and Sam Pablo lakes in the Philippines in order to rear the 
milkfish, Chanos chanos. During the last two decades or so, the practice of 
pen culture in inland waters has spread to many countries in Europe, Asia, 
Africa and America (Costa-pierce et al, 1989). In India, pen nursery 
technology was introduced to meet the fingerling requirements for stocking 
the Bhavanisagar reservoir in Tamil Nadu (Abraham, 1980b, 1990; and 
Govind, 1981). 
The poor state of fisheries in Kerala reservoirs can be improved 
through combined socio-economic and managerial measures, and large-scale 
biologically adapted stocking programmes. The dependence on Fisheries 
Cooperative Societies, the only legal users in exploiting fishery resources of 
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Kerala reservoirs, and Government to finance and supply fish seed has so far 
not provided any reasonable increase in yield from the reservoirs. To attain 
self-sufficiency, fish production should be enhanced through consistent 
stocking with quality seeds. It was estimated that at Malampuzha reservoir 
alone, if seeds have to be acquired from external sources, yearly stocking 
would require around 3.5 million fingerlings, costing over 1.05 million Indian 
rupees, a financial input that could never be met by a Society with an annual 
total sale of little over 200,000 rupees. 
Pen construction in reservoir offers several advantages. As pens are 
situated within the target reservoir, the release of fingerlings into the main 
waterbody becomes simple and stress-free. Rearing takes place under natural 
conditions, positively influencing the survival. Initial investment is low, and 
so also the operational and managerial requirements. 
In order to demonstrate the utility of pen culture in achieving better 
fish productivity, experimental pen culture was carried out during the present 
study in Malampuzha reservoir of Kerala with fingerlings of indigenous carps, 
Cirrhinus mrigala, Catla catla, Labeo fimbriatus, Labeo rohita and the exotic 
carp, Cyprinus carpio. 
Materials and methods 
Site selection and profile of the reservoir 
The site selection for pen culture experiment in Malampuzha reservoir 
was made after considering fluctuations in the water level. A long tongue-
shaped area, resembling a valley, was identified in the south-eastern part of 
the reservoir for the construction of three pens (Fig. 1). The area was divided 
into three compartments separated by fences at different levels along the slope 
of bottom of the bay. The height of the fence was 3 m. An average weekly rise 
in the water level by 1 m during the peak monsoon allowed an average growth 
period of at least 3 weeks before the level of water exceeded the height of the 
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fence (Fig. 2). The pen construction site was found to dry up during summer, 
becoming progressively flooded once the rain water entered into the pen. The 
total length of the valley from reference point '0 ' (107 m from MSI) was 665 
m, and elevated by about 8 m to a maximum water level of 115 m above MSL. 
The width of the valley varied between 85 to 145 m. 
The rising water level was found to reach compartment I of the pen at 
reference point '0 ' (110 m above MSL) in the second and third week of July 
(Fig. 3) The compartment got fully inundated with a maximum water depth of 
3 m during first to second week of August. The total pen area at this level 
(9119 m above MSL) was about 2.07 ha (Table 1). Hatchlings, stocked shortly 
after the water had entered the compartment I, got about 3 to 4 weeks grow-
out time in a protected area before being released into the open water. 
In the first week of August, the water level reached compartment II 
(110 m above MSL). Fully flooded, compartment II covered a calculated area 
of 2.36 ha. Hatchlings, stocked in compartment II, had a grow-out time of 
about 9 to 11 weeks. 
Receiving rather average rainfall, water reached the last compartment 
III (beginning at 113 m above MSL) only in the third week of September. At 
this stage, due to weak monsoon activities, a wider variation in time had to be 
reckoned with. The compartment III got filled to a depth of about 1 m (up to 
the maximum water level of 114 m above MSL). It then covered an area of 
about 1 ha. The highest water level in this compartment remained constant till 
the first week of December, providing a grow-out time of about 12 weeks. 
Because of the peculiar topography of the site, this compartment got 
converted into a pond with little physical effort. Water remained there for a 
longer period, even when it was released for irrigation to the second paddy 
crop. 
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Fencing and screening material for the pen 
The framework for the pen fences was made with bamboo poles and 
splits, bound together with a coir rope. Panels measuring 3 x 3 m were 
prefabricated, forming a lattice with horizontal bamboo split bar fixed at 
regular distances of 0.1 m. The panels were erected at selected site and braced 
with 8 mm nylon rope and about 90 cm long wooden {Casuarina) pole earth 
nails (pegs), keeping in view the strong monsoon gales in the area. 
The bamboo frame was then screened with HDP gauze with a mesh size 
of 0.5 mm. The prefabricated screening panes, measuring 3 x 3.5 m, were tied 
in a way that facilitated their easy removal when flooded. Tabs facilitated 
fixing of the screen onto the bamboo frame. 
Stocking of pens and sampling 
The stocking was done when the water had just entered the pens and the 
water depth was about 0.3 to 0.5 m. Compartment I was, however, stocked 
with C. mrigala and L. rohita hatchlings in the third week of July. 
Compartment II was stocked with hatchlings of L. fimbriatus and C. carpio 
fry during the second to fourth week of August. Stocking with L. rohita fry 
was done in mid September in compartment III, where a deep pond-like ditch 
of about 0.05 h got filled up shortly after the first few rains. Due to non-
availability of C. catla hatchlings in adequate numbers, this fish could not be 
stocked as planned in compartment III. Table 2 shows the total number of 
hatchings and fry stocked in three pen compartments. 
Fish were sampled using a 20 m long fingerling seine net with 0.5 cm 
mesh size. 
Results and discussion 
Results relating to growth of L. rohita, C. carpio, L. fimbriatus and C. 
mrigala reared in pen are given in Table 3-6. 
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L. rohita showed a length increment of 64.1 mm over a period of 76 
days in pen. The specific growth rate (% day"') for this fish was found to be 
2.05. When growth rate, in terms of length (L), was regressed against pen-age 
days (D) (Fig. 4.), the following equation was obtained. 
L= 17.668 +0.792 D 
The relationship was positively correlated (r = 0.979) 
Length increment in C. carpio over a period of 58 days was found to be 
97.3 mm. The specific growth rate (% day'') was 3,84. The growth data was 
subjected to linear regression analysis (Fig.5.), which resulted in the 
following equation: 
L = 0.297+ 1.568 D 
The coefficient of correlation (r) for the above equation was 0.917, 
showing a positive relationship. 
L. fimbriaus recorded a length increment of 57.9 mm over a period of 
62 days in pen. The specific growth rate (% day'') for the same period was 
3.97. Linear regression analysis of the data as shown in (Fig. 6) resulted in the 
equation: 
L = 3.383 +0.984 D 
The coefficient of correlation (r) being 0.992. 
For C. mrigala, the length increment was observed to be 66.5 mm over 
a period of 73 days in pen. The specific growth rate (% day'') for this fish for 
the same period was 2.52. The growth of C. mrigala was best expressed by 
the linear regression (Fig. 7) equation: 
L =-39.502+ 1.527 D 
The relationship was positively correlated (r = 1). 
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The survival rate of hatchlings and fry of the aforesaid species of fishes 
was > 40%. 
Commercial culture of fish to marketable size in pens has been 
successfully practiced in many tropical countries (Sugunan, 1997). Very few 
detailed studies have been made on pen culture in India, although pens/cages 
were tried as alternatives to nursery pond in carp seed production (Vass, 
1990). Pen culture, as a means for higher fish yield, was also experimentally 
attempted in a closed ox-bow lake near Muzaffarpur city. Although the fmger-
lings were reported to acclimatize to the closed system within a period of 10-
15 days and started taking supplementary feed, their growth was not 
satisfactory and was found affected by low water temperature during winter 
(Bhowmik, 1990). 
Yadava et al. (1983) recorded fairly good growth of common carp, C. 
carpio, in pens in a beel at Assam, but pointed out that more scientific and 
comprehensive trials were needed to develop a refined technology of pen 
culture in ox-bow lakes. Rai and Singh (1990) experimented with two 
combinations of Indian major carp in pens, recording a production of around 
4000 kg/ha. 
Large-scale production of fingerlings in pens, using freshly hatched 
fish (hatchling/spawn), as stocking material is a relatively new approach to 
solve the problem of regular and sufficient stocking of large reservoirs 
(Sugunan, 1995). The relevance of pen nursery technology for large-scale 
production of carp fingerling was demonstrated in ox-bow lakes and 
reservoirs by Abraham (1990). A bamboo enclosure of 250 m^ fixed in the 
littoral area of Poongar swamp yielded advanced fry and fingerlings of C. 
mrigala, L. rohita, and L. fimbriatus at the rate of 1.27 million/ha in 90 days 
(Vass, 1990). 
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The high specific growth rate recorded during the extensive pen culture 
of hatchiings and fry of various species of carp in Malampuzha reservoir 
testify the nearly optimal grow-out condition prevailing in the reservoir, and 
the fact was further strengthened by the overall high (40%) survival rate of 
hatchiings and fry to advanced fingerling. Manni (1992) reported a higher 
survival rate (50-80%) for the pen stocking of Puntius gonionotus, 
Ctenopharyngodon idella and L. rohita in an area of 40 m^ under intensive 
condition from Thailand. As expected, in the present study also specific 
growth rate showed species specific differences during culture. 
Although the present experiment indicate the feasibility of successful 
rearing of hatchiings and fry of carp in pen, additional economic studies are 
warranted. Also, more detailed information would be needed towards proper 
standardization of the pen culture system, exploring the possibility of its 
intensification in the reservoir environment, to ensure the availability of 
quality seeds for the culture of fish to marketable size. 
Summary 
Feasibility of pen culture (in achieving higher fish productivity) was 
demonstrated through a preliminary experimental pen culture carried out in 
Malampuzha reservoir with fingerlings of C. mrigala, C. catla, L. fimbriatus 
and L. rohita. A long tongue-shaped area resembling a valley, in south-eastern 
part of the reservoir was chosen for the construction of three pens. The pens 
were supported by fences made up of bamboo poles and split and screened 
with HDP gauze (mesh size 0.5 mm), at different levels along the slope of 
bottom of the bay. The pens which got progressively flooded with the onset of 
the rains provided different grow-out time to the stocked fish hatchiings. The 
growth rate and survival of hatchiings in the pen were recorded. Species 
specific differences were observed in the specific growth rate of the fish 
cultured in the pens. 
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Table 1. Details of the pen at Malampuzha reservoir 
Pen compartment Pen area Length of fence Area of fence 
No. (ha) (m) (m )^ 
I 2.07 108.50 m 166.40 
II 2.36 95.00 m 123.10 
III 2.85 141.00 m 257.20 
Table 2. Total number of hatchlings and fry stocked in the three pen 
compartments of Malampuzha reservoir 
Species Total number 
C. mrigala, hatchlings 600,0000 
L. fimbriatus, hatchlings 500,000 
L.rohita, fry 159,6000 
C.carpio, fry 519,000 
Table 3. Growth of £. rohita at different pen-age days in Maiampuzha 
reservoir 
Pen-age (days) 
0 
4 
13 
20 
44 
55 
76 
Length of flsh (mm) 
17.09 ±0.30 
( n = 1 0 ) 
19.65 ±0.34 
(n = 20) 
32.31 ±0.56 
( n = 1 9 ) 
34.70 ±0.35 
( n = 1 0 ) 
44.00 ± 0.83 
( n = 1 0 ) 
62.00 ±1.10 
( n = 1 5 ) 
81.20 ± 1.22 
(n = 62) 
± SD of the mean 
Table 4. Growth of C. carpio at different pen-age days in Maiampuzha 
reservoir 
Pen-age (days) 
0 
2 
8 
16 
26 
37 
41 
58 
Length of fish (mm) 
11.81 ±0.98 
(n=10) 
13.70 ± 1.77 
( n = 1 0 ) 
17.00 ± 1.63 
( n = 1 0 ) 
27.00 ±7.33 
(n = 9) 
28.80 ±6.71 
( n = 1 0 ) 
36.00 ±5.83 
(n==10) 
65.23 ±9.34 
(n = 42) 
109.17 ± 11.49 
(n = 6) 
± SD of the mean 
Table 5. Growth of L. fimbriatus at different pen-age days in Malampuzha 
reservoir 
Pen-age (days) Length of fish (mm) 
0 5.5±0.15 
(n=10) 
6 9.7 ±0.18 
(n=10) 
30 29.7 + 0.57 
(n=10) 
41 47.5 ±0.35 
(n=12) 
62 63.4 ± 0.76 
(n = 37) 
± SD of the mean 
Table 6. Growth of C. mrigala at different pen-age days in Malampuzha 
reservoir 
Pen-age (days) Length of flsh (mm) 
0 5.5 + 1.04 
(n=10) 
42 24.65 ±1.50 
( n - 1 5 ) 
73 72.0 ±6.49 
(n=15) 
± SD of the mean 
Fig. 1. Location of selected site for pen culture at Malampuzha reservoir 
Fig, 2. A view of pen installed at Malampuzha reservoir for experimental Pen 
culture of carps. 
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Chapter VII 
SOCIO-ECONOMIC STATUS OF FISHERMEN OF 
SELECTED RESERVOIRS OF KERALA 
Introduction 
Fish and other aquatic organisms form a cheap source of protein food 
essential to meet the nutritional requirements of the population. The last few 
decades of fisheries development, have witnessed greater thrust towards 
enhancing fish productivity through technology generation in India and 
elsewhere. Traditional or artisanal fishermen, considered the back bone of 
fishing industry, remained a neglected section with little attention shown to 
their socio-economic issues. In recent times, however, increasingly greater 
concern is being shown to this issue (Shang, 1986). 
In India also, small-scale fisheries has played a significant role by 
contributing 60-70% of the total fish production of the country (Subha Rao, 
1994). Artisanal fishermen, considered the backbone of the fishing industry, 
in spite of their significant role, continue to remain at the margin of 
subsistence. Various developmental programmes envisaged for their 
upliftment remained inadequate and non-target specific. The Indian fishermen 
have had a distinct tradition of their own. Fishing for them is an age-old, 
caste-based activity. The fishermen belong to heterogeneous caste groups and 
religion, differing from state to state. They belong to one of the poorest 
sections of the Indian society like the schedule caste and tribe. Though fishing 
is considered to be one of the prosperous occupations, the fishermen 
community remain economically backward and ranked very low in social 
structure (Silas, 1977 and Subha Rao, 1994). Social problems, arising from 
exploitation by "middleman, are the biggest impediment in improving their lot. 
The living environment of fishing communities can perhaps be considered an 
index of their social and economic status. Various socio-economic studies 
relating to fisheries in different states of India provide interesting information 
on the subject (Desai, 1960; Selvaraj, 1975; Kurien 1978; Kurien, 1979; 
Kurien and Mathew, 1982; Subba Rao, 1994; and Devaraj and Mahadeva, 
1990). 
In Kerala, several studies have appeared on social and economic status 
of sea fishermen. Hovk'ever, similar studies on the status of fishermen 
operating in inland waters, especially the reservoirs, are relatively few 
(Mohan, 2002). In the present study, effort has been made to evaluate the 
socio-economic status of fishermen engaged in fishing/fisheries activity in 
selected reservoirs of Kerala, namely, Malampuzha, Peruvannamuzhi and 
ChuUiyar and make suggestions for its improvement. 
Materials and methods 
The study was largely based on the primary data collected from 
fishermen of the Malampuzha, Peruvannamuzhi and Chulliyar reservoirs. 
Secondary data were collected from the books maintained in the offices of the 
Fisheries Department and Cooperative Society of the respective reservoirs. 
Data was also collected by interviewing method, using structured and pre-
tested questionnaire. The information collected was analysed to arrive at some 
conclusions. 
Results and discussion 
Since their impoundment, reservoirs of Kerala, including Malampuzha, 
Peruvannamuzhi and Chulliyar, were being fished by riparian population. 
Many of the original inhabitants of these places had no previous experience in 
fishing, as they were traditionally engaged in other activities such as 
agriculture and collection of minor forest products. Thus during the first few 
decades after the creation of the reservoirs, fishing was done in a rudimentary 
and unorganized manner. Besides occasional stocking in some of the 
reservoirs, the State Government did not interfere in any way in fishing or in 
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the use of fish resources. No authentic information was, therefore, available 
on the number of fishermen and fish landings for this period. In mid 1970s, 
the Fisheries Department initiated fishing operations in reservoirs which had 
been stocked with fingerlings of Indian major carps. This system was also 
stopped probably because of change in the policy of the State Government and 
as an effort to open alternative occupation for fishermen of economically and 
socially backward SC/ST communities wherein the right to fish in the 
reservoirs was exclusively reserved for these two groups. In 1984, a Reservoir 
Fishermen Cooperative Society was started with the help of State Fisheries 
Department. Finance for the procurement of fishing gears, crafts as well as 
fingerlings for stocking came from Government funds. Although large number 
of fishermen were members of the Society, many of them were inactive and 
kept themselves engaged with activities like agriculture, animal husbandry, 
etc., due to economic and social compulsions. The members of the 
Cooperative Society were exclusively men and no women were included in 
reservoir fisheries, neither in fishing nor in any of the ancillary fisheries 
activity. Even after almost thirty years of existence, the Fisheries 
Cooperatives were not independent and self-sustained organizations, and 
depended heavily on State Fisheries Department for their business 
management and financial inputs. The Government Fisheries official acted as 
their Secretary, except in Peruvannamuzhi reservoir, where members had their 
own Cooperative Secretary for the management of day to day activities. The 
members operated the crafts and gears owned by the Cooperatives. Fishermen 
shared their gross income from fishing with the Cooperatives and the 
Government, to each of which they used to pay 25% of the fish sale proceeds. 
These Societies were not found working in an economically viable way, either 
as fish producing or marketing bodies. 
As the fishermen employed in non-fishing sectors earned more money, 
fishing in reservoirs was not considered a gainful employment opportunity. 
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Among the 290 households surveyed during the study for their socio-
economic status, 73% were nuclear household and 27% joint or extended 
families, with an average household size of 5 persons. The average income of 
a fisherman was about Indian rupees 12,000 per annum, marginally above the 
poverty line. It was also noticed that almost all the fishermen were in debt 
through loans taken by them from banks and other financing agencies. The 
living conditions of the fishermen were equally poor. Almost 90% of their 
houses were classified as Kucha house or semi-permanent, against 20% for 
the State as a whole. 
Except for the ChuUiyar, fishermen of all the other reservoirs remained 
below the poverty line. Since income from fishing was low, the degree of 
participation in fishing was also low. 
The socio-economic profile of the three selected reservoirs have been 
summarized in (Table 1; Fig. 1). As can be seen from Table 1, the total 
number of fishermen, who were the members of the Cooperative Society, was 
fairly high at each reservoir. At Chulliyar reservoir there were very few non-
active members, whereas at the other two reservoirs the number of non-active 
members were much higher. The average annual income per person engaged 
in fishing and non-fishing activities was worked out only for Malampuzha and 
Chulliyar reservoir. It was found that benefit from fisheries was maximum 
from Chulliyar reservoir (Table 2). The income from fishing (at fixed price 
with 50% share to Government/Society) per fishermen per annum for the 
period 1991-92 to 1995-96 for Malambuzha and Chulliyar, and for 1991-92 to 
1993-94 for Peruvannamuzhi reservoir have been shown in (Table 3; Fig. 2). 
The average income per fisherman was highest for fishermen operating in 
Chulliyar, the smallest and the most productive reservoir, followed by those 
of Malampuzha and Peruvannamuzhi. 
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In large reservoirs, like Malampuzna^,la^i3SEftirn on investment for 
stocking was not so promising, with the recapture rates varying between 
0.14% and 9%. It must, however, be emphasized that the figures were based 
on officially recorded Cooperative catches. Actual catches could be much 
higher, as fishermen themselves were seen to side channel some of their 
catches to avoid official sale at the Cooperative Sales Centres. The tendency 
was prevalent for two reasons, firstly, 25% of the fish sales price was taken 
off by the Department of Fisheries as 'royalty' for the permission to fish in 
the reservoir, and secondly, the Department of Fisheries fixed the reservoir 
fish price, which was much below the actual market price. Cooperatives had 
no right to fix or negotiate the price for their catches. 
For stocking the reservoirs, the fishermen Cooperatives were found to 
depend entirely on Government funds. With the exception of ChuUiyar, the 
Societies financial resources were too meager to purchase sufficient stocking 
material. Quite often, criteria like quality of fingerlings, required size and 
species were not taken care of due to lack of sufficient funds for stocking 
material. In addition, fingerling production facilities were much limited. Due 
to scarcity of fish seed, timely stocking could not take place. The main 
bottleneck was the limited area of rearing facilities. As a result, it was found 
that the size of the stocked fingerlings often reached only 30-40 mm in size. 
The production of fingerlings from the Cooperative hatcheries created 
employment opportunities for 5 fishermen at each mini hatchery. Out of five 
mini hatcheries, one was water-based whereas the remaining four were land-
based. The water-based hatchery was established at Malampuzha reservoir. 
A comparison of the present work with the earlier studies on the socio-
economic status of fishermen of Bhavanisagar reservoir of Tamil Nadu, 
indicate that the annual income level was lower in Kerala reservoirs 
(Sugunan, 1990). Several workers have highlighted the factors responsible for 
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the poverty and backwardness of Indian fishermen. Selvaraj (1975) stated that 
fishermen poverty is manifested by several interlinked and interdependent 
factors such as low income, low productivity, low prices and higher 
dependency ratio. A similar situation was also noted during the present study. 
Lower productivity from the reservoirs was seen as the foremost factor that 
contributed to lower income. And lower productivity was the result of several 
constraints such as poor craft and gear technology, improper stocking, over-
fishing and lack of proper management strategies, etc. 
On the basis of the observations made on the socio-economic status of 
the fishermen of the three reservoirs, the following suggestions could be made 
to improve the living conditions of fishermen and bring sustainability in the 
development of reservoir fisheries. 
Policy change and formation of Cooperatives 
Unlike in the marine sector, the fishermen of Reservoir Fisheries 
Cooperatives (organized fishermen) are not traditional fishermen. Some 
independent fishermen were conducting fishing in the rivers at the pre-
impoundment stage of the reservoirs and continued their activities after dam 
construction in 1960s, others settled in the area, seeking employment in dam 
construction, eventually bringing in traditions from Kerala backwater 
fisheries and reservoirs of neighboring states such as Tamil Nadu. According 
to the Travancore-Cochin Fisheries Act of 1950, the fishing right (i.e. the 
right to stock the reservoir, access to water body, perform fishing and sell the 
catches) remains with the Department of Fisheries. As part of the 
Government policy, in 1980s Scheduled Castes and Scheduled Tribes 
Cooperative Societies were formed for the exploitation of the fisheries 
resources. Most of the Society members were agricultural labours and minor 
forest produce collectors. It was decided to meet the investment cost towards 
fishing implements and stocking by the Government on 100% subsidy to the 
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Cooperatives. Non-organized or independent fishermen were considered 
illegal. In the absence of unified Inland Fisheries Act, deregulating fishing 
rights to the users or selected user communities, effective legal enforcement 
and sound fisheries management remained impossible. There is, therefore, an 
urgent need for shaping out a legal framework for the whole inland fisheries 
sector with participation of the fisher folk. 
Rights over the sale of Hsh 
The Cooperative Societies could be transformed into an effective 
instrument for accelerating the socio-economic development, with necessary 
policy changes at government level. Some of the suggestions for policy 
interactions are utilization of 25% royalty by the Cooperative as operating 
capital (nets, boats, fingerlings, etc.), cancellation of royalty to the 
Government which amounts to 25% of the Cooperative's income, cancellation 
of the fixed fish sale price which were about 75% below the prevailing 
wholesale market price, discontinuation of government subsidies to meet the 
Cooperative's operating cost, to allow the fishermen to become more self-
reliant and re-establishing the fishermens' share of their Cooperative's gross 
income which will safeguard an increased income of members and leave the 
Cooperative with sufficient capital to meet its operating cost. 
Strategy for stocking 
A close look at the catch composition revealed that the share 
contributed by culture-based fishery in large reservoirs was about 30%. The 
cost of stocking had been more than the total value of the fish yield for 
consecutive years in Malampuzha reservoir (2,313 ha). And even out of the 
total fish yield, 70% was contributed by indigenous species. Therefore, the 
situation requires drastic changes in the regime of stocking. Constraints in 
effective stocking were undersized fingerlings, comparatively large predator 
populations, untimely stocking and poor quality and quantity of stocking 
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material. The average size of fingerling stocked was 30-40 mm. The ideal size 
should have been 80-100 mm, and the practice of stocking at a rate of 1,000"', 
500 ha''y'' should also be drastically reduced both for economical and 
managerial reasons. The fingerlings may be grown to 80-100 mm size in 
impoundments in the reservoir before being released into the lake. This will 
avoid the high mortality rate during their transport. The cost on grower feed 
can be cut down since natural food material will be available. 
Fishing technologies 
Appropriate gears should be developed and adopted by the fishermen 
for commercial exploitation from reservoirs to create additional employment 
opportunities and economic gains. 
Stock enhancement of indigenous species 
The wide fluctuation in water level in the reservoirs was found to 
adversely affect the breeding of certain indigenous fish species and the 
common carp. Tilapia, which usually select shallow water of the littoral zone 
for its breeding and nest making, often got exposed due to drawing down of 
water for irrigation purposes. The adhesive nature of the common carp eggs, 
require some kind of substrate for their attachment and subsequent 
development. This facility was often found lacking in the reservoirs and, 
therefore, self- recruitment of the species was severely affected. Artificial 
substrate can be provided to increase the chances of natural recruitment. 
Spawning ground/areas may be identified and protected by banning fishing 
operations in such areas and declaring them as closure zones. In months 
following the stocking and natural recruitment, the use of fine mesh sizes 
should be restricted. Conservation and mesh size regulations cannot be 
achieved through legal enforcement alone. Strong peoples' participation 
(target groups, authorities, NGOs, etc.) in formulation of such rules and 
regulations may be helpful in achieving the objectives. 
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Participatory planning and implementation 
Fishermen all over the world are quite reluctant to accept any new 
technical, economic or social measures unless they are convinced. Any 
measure put on them by force will be futile. Therefore, starting from the 
grassroot level, participation and active involvement of fisher folk is 
inevitable in planning and implementation of any activity which has a direct 
bearing on the fishermen. Maintaining the ecosystem balance, harvesting the 
resources on a sustainable basis and taking measures to changes, if necessary, 
must be the primary responsibility of the fishermen. In a set up where 
custody rests with the Government, the endeavor should be to strive for a co-
management regime. Decentralized co-management regime should be the rule 
of resource use and management. The responsibility of the fishermen/women 
and non-government organizations is none to second to strive for this. 
Other measures 
Other measures which may lead to socio-economic upliftment of the 
fishermen should include initiation of appropriate and comprehensive legal 
frame work for reservoir fisheries, leasing system, replacement of 'royalty 
system' with new licencing system, involvement of non-organized fishermen 
in reservoir reduction in dependence on Government funds, better credit 
facilities, development of traditional skills and knowledge of fishermen, and 
establishment of a management regime which may empower fishermen in the 
reservoir fisheries management at all levels. 
The proposed measures may contribute significantly to the 
improvement in the socio-economic scenario of the reservoirs. 
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Summary 
The study examines some aspects of socio-economic status of 
fishermen of the Malampuzha, Peruvannamuzhi and ChuUiyar reservoirs of 
Kerala. Among the 290 household surveyed during the study, 73% were 
nuclear household and 27% joint families, with an average household size of 5 
persons. The average income of a fisherman was about 12,000 Indian rupees 
per annum, marginally above the poverty line. Almost all the fishermen were 
in debt through loans taken by them from banks and other financial agencies. 
They operated the craft and gears owned by the Cooperatives and shared their 
gross income with Cooperatives and the Government, to each of which they 
used to pay 25% of their sale proceeds. The Societies were not found working 
in an economically viable way either as fish producing or marketing bodies 
and depended heavily on State Fisheries Department for their business 
management and financial inputs. Fishing in the reservoirs was not considered 
a gainful employment opportunity. The living conditions of the fishermen 
were equally poor. On the basis of observations made on the socio-economic 
status of fishermen of the three reservoirs, some suggestions have also been 
made to improve their living conditions, and bring sustainability in the 
development of reservoir fisheries. 
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Table 1. Socio-economic profile of selected reservoirs 
Reservoir 
Malampuzha 
ChuUiyar 
Peruvannamuzhi 
Area 
at 
FRL 
(ha) 
2313 
159 
1052 
Catchment 
area 
(km') 
147.63 
29.78 
109 
Total No. 
of 
fishermen 
195 
38 
404 
No. of 
active 
fishermen 
26 
36 
60 
No. of 
non-
active 
fishermen 
170 
3 
344 
Average 
Stoclcing 
(lal(hs) 
22.50 
2.44 
3.72 
Average 
Total 
Yield 
(kg) 
19,390.06 
36,091.25 
2,665.29 
Average 
Yield 
kg/ha 
8.38 
226.99 
2.53 
Table 2. Average annual income in Indian rupees per person engaged in 
fishing and Non-flshing activities 
Reservoir Fishing Non -Ashing Benefit from fish 
Malampuzha 
Chulliyar 
3638 
6841 
2900 
4272 
+738 
+2750 
Table 3. Income of fisherman from Ashing (Axed price, 50% share to 
Government/Society) per annum 
Year 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
Malampuzha 
No. of 
fisherman 
36 
22 
15 
-
25 
Income 
(Rs.) 
2079.11 
4567.18 
8612.40 
-
7153.32 
Chulliyar 
No. of 
fisherman 
26 
23 
21 
24 
35 
Income 
(Rs.) 
13083.60 
12057.75 
14087.86 
9947.67 
18237.08 
Peruvannamuzhi 
No. of 
fisher man 
40 
60 
50 
-
-
Income 
(Rs.) 
270.85 
826.05 
548.45 
-
-
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